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Executive Summary 

The Kaiser-Hill Company (K-H) Ecology Group conducts ecological monitoring of the Rocky 
Flats Environmental Technology Site’s (the Site) ecological resources to ensure regulatory 
compliance and to preserve, protect, and manage those resources during cleanup and closure 
operations. Ecological monitoring is an integral aspect of determining whether the management 
objectives and goals for the wildlife and plant communities at the Site are being achieved. This 
report summarizes the results of the ecological monitoring that was conducted at the Site during 
2004. 

At an elevation of approximately 6,000 ft., the Site contains a unique ecotonal mixture of 
mountain and prairie plant species resulting from the topography of the area and its proximity to 
the mountain front. The Buffer Zone, the area surrounding the Industrial Area, is one of the 
largest remaining undeveloped tracts of its kind along the Colorado Piedmont. A number of plant 
communities present at the Site have been identified as increasingly rare and unique by the 
Colorado Natural Heritage Program (CNHP). These communities include the xeric tallgrass 
prairie, tall upland shrubland, wetlands, and Great Plains riparian woodland communities. Small 
inclusions of a number of other increasingly rare plant communities are also found on the Site. 
Many of these communities support populations of increasingly rare animals as well, including 
the federally protected Preble’s meadow jumping mouse, and other uncommon species such as 
the grasshopper sparrow, loggerhead shrike, Memam’s shrew, black crowned night heron, hops 
blue butterfly and Arogos skipper. 

A brief summary of the highlights from the 2004 field season is found below with detailed 
summaries and analyses for each field monitoring effort presented in the following chapters. In 
addition, an electronic version of the entire report and other monitoring results are contained on 

During 2003, an investigation to evaluate potential weed control techniques for smooth brome, a 
non-native grass was initiated. Smooth brome patches expand as circles and replace the native 
plant species on the prairie. One aspect of the investigation was to determine the growth rates of 
smooth brome circles. Initial results during 2003 showed no change in the size of the smooth 
brome circles, potentially resulting from the lack of precipitation received in 2003. However, 
from fall 2003 to fall 2004, both large and small smooth brome circles increased in size with the 
large circles increasing by almost 23% and the small circles by 135%. The increased moisture 
received in 2004 certainly contributed to the increase, but the data show how quickly the smooth 
brome can invade into the grasslands. This species is becoming increasingly problematic at the 
Site and on surrounding native areas. 

The use of glyphosate (i.e. Roundup? alone, glyphosatekhading, and shading alone, were 
evaluated as treatments to try and lull smooth brome. All three treatments showed initial good 
success in killing smooth brome over the course of the growing season in 2003. However, in 
2004, differences in the treatments were apparent. All of the treatments showed some re- 
establishment of the smooth brome with the glyphosate only and glyphosate/shading treatments 
having the highest smooth brome re-establishment rates. The shading only treatment showed the 
lowest re-establishment of smooth brome of all the treatments. Successful establishment of 
native species (seeded in fall 2003) was observed in 2004. However, continued observations will 
determine how well the native species are able to re-establish the native prairie and how 

CD-ROM. 

2004 Ecology Annual Report ES-1 Classification Exemption CEX-1 OS-01 



significant a role the smooth brome seed bank will have with respect to the re-establishment of 
the native community 

Diffuse knapweed is one of the principle noxious weeds at the Site. Various control measures, 
including herbicide applications and biocontrol insect releases, have been used to control the 
diffuse knapweed population on Site. Monitoring of the effectiveness of biocontrol insects 
released to help control diffuse knapweed was begun in 2001. Biological control measures are 
low cost, have a low impact to surrounding habitat and non-target vegetation, and provide long 
lasting effects on target weed species. Various species of biological control insects have been 
released on Site for control of diffuse knapweed. The biocontrol monitoring study was designed 
to focus specifically on the effects of the Larinus minutus, but has expanded to include other 
biocontrol insects that feed on diffuse knapweed on Site. 

Results of this investigation indicate that the biological control insects have begun to show some 
effectiveness in controlling the diffuse knapweed population on Site. Some reduction in diffuse 
knapweed density and cover have been observed, in addition to a reduction the number of seeds 
produced per infested flowerhead. Because this species is an annual that relies on seed 
production to continue its presence, reducing the total seed production is an important means of 
achieving control. While the insects have helped reduce the seed production in some years, it is 
apparent that climate plays a role in the effectiveness of the biocontrol insects. During 2004, the 
increase in the number of flowerheads per plant was so great that the biocontrol insects were not 
able to effective lay eggs into each flowerhead. Thus some flowerheads had no seed reduction 
which resulted in a large overall increase in the amount of seed production at the study locations. 
Even with this however, the insects did reduce the amount of seed that would have been produced 
(because they did reduce the amount of seed production in many flowerheads), and thus are 
having some effectiveness. It will remain to be seen in the long-term how these biological 
control insects are able to effect the overall visual abundance of diffuse knapweed at the Site. 
The biocontrol insects are one of many tools in the weed control’toolbox that can continue to be 
used to help control diffuse knapweed at the Site. 

The sitewide wildlife surveys continued to document the presence of many of the significad 
wildlife species at the Site. Many of the more common species typical of the Site were observed, 
including: mule deer, prairie dogs, coyotes, red-tailed hawks, Swainson’s hawks, great horned 
owls, and various waterfowl. Elk continued to use the Site in 2004 as a calving area in the late 
spring and summer. Annual variations in the relative abundance of different species from 2003 to 
2004 were documented, but are expected given this type of survey. The diversity and abundance 
of wildlife species observed on surveys conducted in 2004 continued to verify the high quality of 
habitat available in the Buffer Zone at the Site. 

The rare and imperiled plant species populations (as listed by the CNHP) at the Site appear to be 
healthy. All four rare species (mountain-loving, forktip three-awn, carrionflower greenbriar, and 
dwarf wild indigo) were observed during 2004 and appeared in good condition. Attempts to grow 
new populations of the forktip three-awn grass at new locations at the Site have proven 
successful. General observations of the native prairies and wetlands at the Site continued to 
suggest that the ecological resources of the Site remain of high quality and comprise a significant 
component of the larger surrounding regional ecosystem. However, several management 
concerns remain. 

The threat from noxious weeds continues to be a high management priority. Several noxious 
weed species are problematic and are a threat to the long-tern quality and sustainability of the 
plant communities at the Site. Diffuse knapweed, dalmatian toadflax, musk thistle, common 
mullein, and Canada thistle are the most significant noxious weed problems. Control efforts for 
some of these species have reduced the abundance of these species over the past several years, 

. 
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shifting the abundance levels from high and medium infestation levels to the low and scattered 
levels. Given the scale of these infestations, however, continued integrated control efforts will be 
necessary for the foreseeable future. Other smaller infestations of newly discovered or recently 
invaded species like bouncing bet, Scotch thstle, Russian thistle, and others continue to be 
controlled by hand or spot chemical control with the goal of eradication. Control of newly 
discovered noxious weed species must be a high priority to prevent costly ecological and 
economic impacts later. In addition to herbicide applications in 2004, several biocontrol insects 
were released at the Site to help control several different noxious weed cpecies. Insects were 
released to help control Canada thistle, bindweed, diffise knapweed, musk thistle, and dalmatian 
toadflax. 

Efforts continue to preserve and improve the quality of the ecological resources at the Site. As 
the Site becomes a National Wildlife Refuge after cleanup and closure, efforts to integrate more 
of a comprehensive, ecosystem approach to resource management must be continued to restore 
natural processes if long-term sustainability of the native communities is to be achieved. Recent 
management efforts have focused substantively on the noxious weeds themselves (due to Site 
restrictions), without addressing the underlying conditions that have lead to the stressed condition 
of the native communities and contributed to the large-scale weed invasions. Specifically, 
prescribed fire and grazing are both critical processes necessary for grassland health and 
management. As long-term management plans are developed for the National Wildlife Refuge, 
the use of these and other resource management tools should be included to provide the best 
chance for long-term sustainability of the ecosystems at the Site. 

Dalamatian toadflax is a noxious weed at the Site that has been expanding across the grasslands 
over the past several years. An investigation continued in the south Buffer Zone at the Site to 
evaluate the impact of Tordon 22K@ applied at application rates of one pintlacre and one 
quadacre on dalmatian toadflax density. After the first growing season, dalmatian toadflax 
density in the one pintlacre treatment plot was reduced to approximately one third of that in the 
control plot. A second phase of the study was initiated in 2004 where dalmatian toadflax 
infestations were treated with Tordon 22K@ applied at application rate of one quartlacre. Future 
evaluations will determine the effectiveness of this treatment and continue to monitor the longer 
term impacts of the earlier treatment. 

Qualitative and quantitative monitoring was conducted at a number of revegetation locations at 
the Site during 2004. Photo monitoring and qualitative assessments were conducted at several 
smaller revegetation locations. Quantitative monitoring was conducted at six larger locations 
including: the new landfill, MST area, Solar Ponds, B886, B116, and incinerator areas. Results 
indicate that the vegetation is establishing well at most locations (helped by the abundance 
precipitation received in 2004), however, success criteria outlined in the Revegetation Plan have 
not been met as of 2004 at any of the locations monitored. This is not unexpected since for each 
of these locations it was only the first or second growing season since they had been seeded. In 
general, however, vegetation has begun to establish and is protecting the soil from erosion. Over 
the next few years the seeded species should become more established. There are no 
recommended changes to the management of these areas at ths time. 

The results of the 2004 frog vocalization survey showed a higher than average abundance of 
chorus frogs at the Site during 2004. In 2003, the frog abundance was the lowest it has been 
since the surveys began in 1998. The 2002 drought may have been a factor contributing to the 
low boreal chorus frog abundance in 2003. The 2004 survey results show that the frog 
populations survived, and have rebounded from the effects of the 2002 drought. The presence of 
the boreal chorus frogs at the Site, even after drought years, provides evidence of the resilience of 
this amphibian species. It is also evidence of a healthy aquatic ecosystem at the Site. 
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The ecological monitoring conducted in 2004 continues to verify the high quality ecological 
resources that exist at ,the Site. The investigations conducted are providing information useful for 
the management of the resources. Further details on each of the investigations discussed above 
are found in the chapters that follow and on the CD-ROM. 

2004 Ecology Annual Report ES-4 Classijkation Exemption CEX-I 05-01 



1. 2004 Smooth Brome Monitoring 

1.1 Introduction 

Smooth brome (Bromus inermis) is an exotic graminoid species that has been used for over a 
century across much of North America as a revegetation grass. Research has shown the species is 
an aggressive invader of native plant communities under certain conditions. It often invades 
native grassland communities, replacing the native plant species, reducing biodiversity, and 
lowering the wildlife habitat value of an area. The grass has been used in the past at the Rocky 
Flats Environmental Technology Site (Site) for numerous revegetation projects. For the past 
several years it has been prohibited for use in seed mixtures at the Site. However, numerous 
locations on the grassland have been invaded by the species and smooth brome circles are 
common at many locations in the Buffer Zone. When smooth brome becomes established at a 
location in a native plant community it typically reproduces vegetatively by underground 
rhizomes (horizontal underground stem tissue) and grows outwardly in a circle from the point of 
origin (Figure 1-1). As the circles expand outwardly the smooth brome out-competes native 
species for resources and the circle usually becomes a solid stand of smooth brome. To evaluate 
the effectiveness of weed control efforts on smooth brome the following investigation was 
conducted. The purpose of this monitoring effort is three-fold: 

0 

0 

Determine the rate of expansion of smooth brome circles. 

Evaluate the effectiveness of different control methods to kill smooth brome circles. 

Evaluate the effectiveness of revegetating dead smooth brome circles with native plant 
species. 

1.2 Methods 

The investigation was conducted in the south Buffer Zone at the Site, where a large number of 
isolated smooth brome circles of varying sizes had invaded the native mesic mixed grassland 
(Figure 1-1). The study area was situated on a northeast-facing slope. Each of the smooth brome 
circles that was evaluated during the investigation was mapped using a GPS unit in the field to 
assist with future relocation of the circles. The data was then downloaded and corrected for 
plotting locations on the map (Figure 1-2). 

The monitoring of the expansion rates of smooth brome circles was initiated by measuring the 
size of smooth brome circles during 2003. These measurements provide the initial size of the 
circle and can be made annually and compared to previous years. A total of 12 smooth brome 
circles in the Buffer Zone were selected for evaluating expansion rates. Both large and small 
smooth brome circles were selected for measurement to see if size made any difference in 
expansion rates. A piece of rebar was staked in the center of each circle. Four measurements of 
the radius were made at each circle, from the center rebar to the most distant smooth brome culm 
(stem) along the edge of the circle in approximately each of the four cardinal directions. 
Distances were measured to the nearest centimeter. At each of the four most distant culms, a 
metal tag was attached to the ground using a nail. The nail holding the tag may be used for fbture 
monitoring to stay generally along the same line that was used for the original measurements. 
The mean radius for each circle was determined and the area of the circle calculated based on the 
mean radius. Expansion rate measurements were made in the spring and fall of 2003 and again in 
the spring and fall of 2004. 
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To evaluate the effectiveness of control methods for smooth brome, three treatments were used 
including; shading, glyphosate (Roundup@) applications, and glyphosate/shading applications. 
The purpose of the treatments was to determine which method best kills the smooth brome. A 
total of 15 smooth brome circles were treated (five for each treatment type). The shading 
treatment was done by placing black plastic sheeting over a smooth brome infestation for an 
entire growing season (late April/early May through November; Figure 1-3). Prior to placement 
of the black plastic sheeting, the diameter of the smooth brome circle was measured on two 
perpendicular lines running in the cardinal directions. The edges of the circle where the 
measurements were made were tagged with nails and metal tags as described above. The black 
plastic extended a minimum of 0.5 m beyond the edge of the smooth brome circle. The black 
plastic was held in place using metal stakes/staples and rocks. The plastic was placed on the 
ground in late ApriVearly May 2003 and removed in November 2003. 

Glyphosate applications were applied to selected brome circles in early May (both the spray only 
and the spraykhade treatments). Measurements of the brome circle diameters that received the 
glyphosate were made prior to the herbicide application as described above. Good coverage of 
the herbicide was applied to the green culms (stems) of smooth brome using a backpack sprayer 
with glyphosate mixed at a rate of 6 odgallon of water (1 8% concentration). Some of the 
sprayed only treatment circles received additional spot treatments of herbicide during the summer 
for 2003 if it appeared that not all the smooth brome had been killed. 

The glyphosate/shading treatment consisted of a preliminary application of the herbicide in the 
spring, followed by shading for the remainder of the growing season. The application of 
glyphosate followed the methods outlined above with the exception that only one application was 
made prior to shading. After application of the glyphosate, the black plastic was applied as 
described above. The black plastic was placed on the smooth brome circle the same day as the 
glyphosate application was made. 

After removal of the black plastic from the circles in November 2003, all the circles from each 
treatment were broadcast seeded with a native seed mix that included western wheatgrass 
(Agropyron smithii), blue grama (Bouteloua gracilis), side-oats grama (Bouteloua curtipendula), 
buffalo grass (Buchloe dactyloides), green needle grass (Stipa viridula), slender wheatgrass 
(Agropyron caninum [A. trachyplurum]), and blue flax (Linum perenne). The seed was raked to 
provide better soilheed contact. Field notes were also made as to the condition of each circle 
prior to reseeding. Photographs were taken of each smooth brome circle prior to the start of the 
study and at the end of the season prior to reseeding to document the condition of the circle 
(Figure 1-4). 

During 2004, the plots were visited three times, April, August, and October. In April and 
October measurements of the expansion rates were made and photographs were taken. Field 
notes were made during all three visits of what plants were growing and establishing on the 
treatment plots. Additional glyphosate spot applications were made in 2004 during the April and 
August visits when smooth brome plants were observed growing in the plots. Applications were 
made on the smooth brome plants only. 

In August 2004, a list of the plant species found growing within each of the treated circles was 
recorded. The foliar cover of each species within the circle was recorded using a visual cover 
class system: 1 <= 5%, 2 = 6-25%, 3 = 26-50%, 4 = 5 1-75%, 5 => 76%. Midpoints of the cover 
classes were used for analyses: 1 = 3%, 2 = 15%, 3 = 37.5%, 4 = 62.5%, and 5 = 87.5%. 
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1.3 Results and Discussion 

During 2003, the smooth brome circle expansion data showed little change in the overall size 
(area or radius) of the brome circles from late ApriVearly May to November (Tables 1-1 and 1-2). 
No difference was observed in the expansion rates of small circles compared to large circles in 
2003. Small circles were defined as those that were initially less than 4 m’ in size. Large circles 
were those initially larger than 30 m’ in size. The precipitation received from May through 
November 2003 was only 5.5 inches compared to the mean of 10.4 inches for the past 13 years at 
the Site. So the circles did not change much during the 2003 growing season. The lack of 
precipitation during most of the growing season after the start of the project may have contributed 
to the lack of increase in the size of the circles. 

During the winter of 2003/2004, the area of both small smooth brome circles and large smooth 
brome circles increased in size (small circle increase = -48%, large circle increase = -9%; fall 
2003 to spring 2004, Table 1-1). Throughout the 2004 growing season both small and large 
smooth brome circles continued to increase in area, probably due to the increased amount of 
precipitation received. During 2004, over 16.7 inches of precipitation was received from May 
through November, three times the amount received in 2003 (5.5 inches). From spring 2004 to 
fall 2004 the area of small smooth brome circles increased by -60% while the large circles 
increased by 13% (Table 1-1). Throughout the duration of the investigation thus far (spring 2003 
to fall 2004), smaller smooth brome circles have more than doubled in size (1 35% increase; Table 
1-1), with nearly all the increase coming in 2004. Large circles have increased approximately 
23% on average since the outset of the investigation. The increase in the area of small circles was 
approximately 2.8 m’ (from 2.1 m’ to 4.9 m’) from spring 2003 to fall 2004. The increase in the 
area of large circles was approximately 16.6 m’ (from 73.2 m’ to 89.8 m’) for the same time 
period. These substantial increases over the course of two growing seasons illustrate how quickly 
and aggressively smooth brome can invade into a native grassland and replace the native species. 
This is particularly problematic where many circles are present in an area and they can coalesce 
into larger circles in a short period of time. 

The results of the three treatments - spraying, shading, and sprayinglshading, showed excellent 
apparent initial die-off of the smooth brome for all three treatments by fall 2003. In all the circles 
of each treatment, all the smooth brome appeared dead, in addition to nearly everything else in 
most of the circles (Figure 1-4). Although some additional application of glyphosate was 
required in a few of the uncovered circles to completely kill the smooth brome by fall 2003, the 
timing of the herbicide application in the spring may have also had a role in the “good kill” of 
smooth brome that was observed. The glyphosate was applied on May 1 to the sprayed only 
plots, at the time when the brome was greening up and little else had started growing. So the 
herbicide largely only affected the brome. As a result, it was observed in the fall that in several 
of the sprayed only plots, native species such as side-oats grama, western wheatgrass, purple 
three-awn (Aristidu purpureu ssp. robusta), white aster (Asterfulcutus), and silky wormwood 
(Arternesiu drucunculus) were already coming up and talung advantage of the lack of competition 
from the smooth brome. These species may not have been growing yet when the herbicide was 
applied in the early spring, so they were able to survive and come up, since the glyphosate only 
effects actively living and photosynthesizing plants. One noxious weed species that survived 

* beneath the shaded only circles was musk thistle (Curduus nutuns). Several rosettes were still 
alive after the plastic was removed. However, musk thistle was not present under the shaded 
circles that had been sprayed or in the sprayed only circles. 

Although initial results seemed to indicate little difference between the treatments in their ability 
to kill the smooth brome, observations made during the second growing season suggested that 
some methods worked better than others. Initial results at the end of 2003 suggested that 

\ 
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spraying only worked just as well as shading only or sprayingkhading (Figure 1-5; although some 
of the sprayed only plots had received additional herbicide applications during the summer of 
2003). However, by spring 2004, differences were apparent between the treatments. The sprayed 
only treatment had an 80% frequency of smooth brome returning in the plots, while the covered 
only treatment showed only a 40% return of smooth brome. In May 2004, when the monitoring 
was conducted, any smooth brome found within any of the plots was sprayed to kill it. However, 
it is apparent that spraying alone still did not kill all the smooth brome because it was still present 
at 40% of the sprayed only plots in August 2004 and at 80% of these plots by October 2004 
(Figure 1-5). Overall, the best treatment was seen in the covered only plots, where by October 
2004, there was only a 20% return of smooth brome in these plots, compared to 40% and 80% in 
the sprayedcovered and sprayed only plots, respectively (Figure 1-5). 

Although the smooth brome plants that were alive when the study began may have died as a 
result of the herbicide applications andor shading, one of the key questions regarding the re- 
establishment of smooth brome revolves around the issue of the amount of seed left in the seed 
bank. Although the use of herbicides or shading may effectively kill the smooth brome initially 
at a location, if the seed bank is prolific in re-establishing a circle, then the effectiveness of the 
treatments under evaluation may be of little significance. How significant a role the seed bank 
plays remains to be seen. 

How quickly and abundantly the native species are able to establish from the seed sown within 
the circles in the fall of 2003 is also a question of importance. Isolated circles of smooth brome 
were chosen for this investigation because it was thought that if the smooth brome in a circle 
surrounded by native grassland could be killed, the native community may be able to heal itself 
(with some help from the seeding of native species). A study conducted in the City of Boulder 
Mountain Parks in a stand of solid smooth brome showed that if smooth brome was present 
around the edges of a shaded plot, it continued to invade beneath the edges of the black plastic 
and weed barrier (Nelson and Armstrong, 2004). One of the goals of this present study was to 
determine whether the native grassland could re-establish in a previous circle of brome (with 
some help from reseeding). 

Observations of the establishment of the seeded native species was very promising in 2004. Of 
the seven species seeded in fall 2003, six were found growing in the treated circles on August 3, 
2004 (Table 1-3). Only buffalo grass was not found growing in any of the treated circles. 
Slender wheatgrass (a seeded species) was dominant of all the plants found growing in the treated 
circles with a mean foliar cover of 29% (Table 1-3). The best establishment of slender 
wheatgrass was found in the shaded only and sprayedshaded plots. Interestingly, blue grama, 
side-oats grama, and green needle grass, were only found in the sprayed only plots which would 
suggest that perhaps the plants observed in 2004 were not from seed, but rather pre-existing 
plants that had not been affected by the herbicide application in spring 2003 because they were 
not growing at the time of the application. Common sunflower (Helianthus annuus; a native) and 
alyssum (Alysum minus: a non-native), both early successional species, were also abundant with 
24% and 11% cover, respectively (Table 1-3). Although smooth brome was present in three of 
the plots in August 2004, the mean cover was only 0.6% (Table 1-3). As discussed above, 
however, the frequency of smooth brome increased in the plots by October 2004. No evaluation 
of the cover of smooth brome was conducted in October 2004. Continued observations of the 
plots are necessary to determine how the seeded species will be able to compete with any re- 
establishing smooth brome. 

One interesting observation of the study was the edge effect that was evident around the 
perimeter of each of the treatments (Figure 1-6). At the edge of each treatment circle, whether it 
was a sprayed only circle or one of the treatments covered in plastic, there was a pronounced 
increase in the stature and abundance of several plant species as compared to the surrounding 
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landscape. The species common along the perimeter of the circles that exhibited this 
phenomenon included, musk thistle, common sunflower, white sage (Artemesia ludoviciuna), 
wild lettuce (Lactuca serriola), alyssum, and western wheatgrass. A probable theory for this 
edge effect is the lack of competition from anything in the circle itself. Because the plants within 
the treatment circle were either killed by the herbicide or the shading, there was no competition 
for the moisture and nutrients that were still’available in the circle. Thus the species along the 
edge of the circles were able to sequester these resources and grow considerably larger than the 
same species in the surrounding undisturbed grassland where competition for resources was 
higher among all the plants. 

1.4 Conclusions 

An investigation was begun to evaluate potential weed control techniques for smooth brome, a 
non-native grass. An evaluation was begun to determine the growth rates of smooth brome 
circles. Initial results during 2003 showed no change in the size of the smooth brome circles, 
potentially resulting from the lack of precipitation received in 2003. However, from fall 2003 to 
fall 2004, both large and small smooth brome circles increased in size with the large circles 
increasing by almost 23% and the small circles by 135%. The increased moisture received in 
2004 certainly contributed to the increase, but the data show how quickly the smooth brome can 
invade into the grasslands. 

The use of glyphosate, glyphosatehhading, and shading alone, were evaluated as treatments to 
kill smooth brome. All three treatments showed initial good success in lulling smooth brome 
over the course of the growing season in 2003. However, in 2004, differences in the treatments 
were apparent. All of the treatments showed some re-establishment of the smooth brome with the 
gly-phosate only and glyphosatehhading treatments having the highest smooth brome re- 
establishment rates. The shading only treatment showed the lowest re-establishment of smooth 
brome of all the treatments. Successful establishment by seeding of several native plant species 
was observed in 2004. However, continued observations will determine how well themative 
species are able to re-establish the native prairie and how significant a role the smooth brome 
seed bank will have with respect to the re-establishment of the native community 

1.5 References 

Nelson, J.K. and A. Armstrong. 2004. Unpublished data from smooth brome study in 
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2004 Ecology Annual Report 1-5 Classijication Exemption CEX-I 05-01 



Figure 1 - 1 .  Smooth brome circle on native grassland. 
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Figure 1-3. Finished shaded smooth brome circle. Rocks were used to help keep the black plastic from blowing away. 
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Figure 1-4. Sprayed circle with dead smooth brome at the end of the growing season in 2003 
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Figure 1-6. Edge effect around perimeter of circle. Lots of common sunflower. 
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2. Diffuse KnaDweed Bioloaical Control Monitorincl 

2.1 

2.2 

2.2.1 

Introduction 

Diffuse knapweed (Centaurea dzflusa) is one of the principle noxious weeds at the Rocky Flats 
Environmental Technology Site (Site). A variety of control methods have been used to control 
diffuse knapweed at the Site, including biological, mechanical, and chemical control methods. 
Biological control measures are low cost, have a low impact to surrounding habitat and non-target 
vegetation, and may provide long lasting effects. The effectiveness of biological controls on 
diffuse knapweed populations at the Site is evaluated in this section. 

Various species of biological control insects have been released on Site for control of diffuse 
knapweed, including Larinus minutus, L. obtusus, Urophora afinis, and U. guadrifaciata, all of 
which cause damage to the seeds of the knapweed. The other diffuse knapweed biocontrol insects 
that have been released and documented on Site (Cyphocleonus achates and Sphenoptera 
yugosluvicu) cause damage to either roots or stems of the plant. Therefore, seed production is not 
directly effected by the latter group of insects. This study was designed to focus specifically on 
the effects of the L. minutus, a seedhead weevil, because the damage this insect causes is readily 
visible. Larinus minutus adult weevils lay their eggs in the flower heads, and the larvae feed on 
the seeds, thus reducing seed production in the plants. 

Objectives of the study include: 

0 Evaluate changes in pre- and post-treatment diffuse knapweed cover and density at the 
release locations through time. 

Document visually, through photo monitoring, changes in diffuse knapweed populations at 
the release locations. 

Using flowerhead and seed counts, evaluate biocontrol insect impacts on diffuse knapweed 
seed production. 

0 

Methods 

Location of Study Site 

The Site is located in rural Jefferson County, Colorado, 16 miles northwest of Denver. The Site 
covers 6,266 acres, of which 5,868 acres forms an undeveloped Buffer Zone around the central, 
industrialized area. The Site adjoins undeveloped rangelands that are encroached by housing 
developments on the northeast and southeast. To the north, east, and northwest, public open- 
space lands border the Site. To the west of the Site are industrial sand and gravel mining 
activities and other potential sites for industrial use. 

Herbicide applications for diffuse knapweed control at the Site have focused on upland areas 
away from wetlands and riparian habitats, the latter provides habitat for the Preble’s Meadow 
Jumping Mouse (Preble’s mouse; Zapus hudsonius preblei), a federally listed threatened species. 
As a result, infestations of diffuse knapweed have continued to increase in the drainage bottoms 
at the Site. Therefore, L. minutus were released in the drainage bottoms with the goal that these 
biocontrol insects would help control the diffuse knapweed at these locations and later would 
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spread to the upland areas. The original releases were located in areas with high diffuse 
knapweed abundance. Figure 2-1 shows the release locations of the L. minutus weevils. The 
biocontrol insects at release site one through five were released in 2001. Insects at release site six 
were released in 2002. Sampling was not conducted at release location 5 in 2004 because the 
area was treated with herbicides. 

2.2.2 Density and Cover 

At each of the six release locations chosen for monitoring (Figure 2-1), a total of 10 one square 
meter (m’) quadrats were randomly located along lines radiating from the release point. Random 
locations were determined using random aspects and distances from a center flag placed at the 
release location. Distances consisted of whole numbers and were paced off from the center flag. 
At each release location, the maximum distance used did not exceed the boundaries of the 
knapweed infestation and did not exceed 20 meters from the center flag. Placement of the 
quadrat was done such that one side of the quadrat was roughly centered on, and perpendicular to 
the line paced from the center flag. 

Within each of the quadrats, the cover and density of diffuse knapweed was measuredand 
recorded. Cover was visually estimated by cover class (0 = O%, 1 = <5%; 2 = 6-25%; 3 = 26- 
50%; 4 = 51-75%; 5 = >75%). Cover was estimated for plants that had a canopy within the 
quadrat frame, regardless of whether they were rooted within the quadrat frame. Diffise 
knapweed density was counted and recorded as the number of adult, reproducing plants rooted 
within the quadrat frame. No counts of diffuse knapweed seedlings or rosettes were made. 

Photographs at established photopoints were taken to visually document vegetation growth in the 
area of the release locations. Photographs were taken in the four cardinal directions from the 
center flag, and from a location looking back to the overall infestation, in order to visually 
document the level of infestation at the release locations. Photographs of the release sites are 
compared from year to year, to evaluate visual changes in the diffuse knapweed population. A 
full series of the photographs comparing vegetation from 2001 to 2004 is available in Appendix B 
on the CD-ROM. 

2.2.3 Flowerhead Counts 

To determine the number of flowerheads per plant at each of the study sites, 10 diffuse knapweed 
plants were collected at each of the six release locations on Site. Plants from the 2004 growing 
season were collected on 8/16/04 from outside a 25-meter radius circle centered on the release 
point in order to minimize effects to seed availability near the release location. 

Average-sized plants were randomly selected per release site. Each plant was clipped at the base 
of the main stem and placed in a plastic bag, which was identified by site number. In October of 
2004, the total number of flowerheads per plant were counted. This number was used to calculate 
number of seeds per square meter. 

In previous years, the number of infected and un-infected flowerheads were counted by a visual 
inspection. Flowerheads were deemed infected if they showed exterior visual evidence of exit 
holes created by two different biocontrol species in the genus Larinus. However, this method 
was discontinued in 2004 because it did not accurately show the actual number of infected and 
uninfected flowerheads (KH 2004). 

2.2.4 Seed Count per Flowerhead 

To determine the average number of seeds per flower at each study site, flowerheads were 
collected from each release site. The word “seed” as used in this report, is defined as the achene 
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or fruit of the flower. Flowerheads were collected on 9/28/04 from plants selected at random 
outside a 25-meter radius circle centered on the release point. Collections were made outside the 
25-meter radius to prevent impacts to the cover and density aspect of the study. 

A part of the 2003 study tested the hypothesis that there would be a difference in seed production 
between randomly selected flowerheads, and flowerheads purposefully selected for lack of 
external insect damage. The data from this part of the study showed that there was no significant 
difference in seed production between the randomly versus purposefully collected flowerheads 
(KH 2004). Therefore in 2004 only flowerheads that did not show obvious external damage were 
collected. 

Ten average sized plants were randomly selected at each release site. Ten flowerheads were 
snipped off from each selected plant and placed in an envelope marked with the release site name 
and plant number. In 2004, a total of 500 flowerheads were collected. 

The number of seeds per flowerhead was counted on 10/19/04. Each flowerhead was cut open, 
and the number of mature, viable seeds in each flowerhead was counted (Figure 2-2). Evidence 
of insect damage was documented based on internal and external evidence from the flowerheads. 

The species of insect and the number of insects present in each flowerhead were recorded. The 
following criteria were used for determining insect species: 

' 

Lurinus ssp (includes L. minutus as well as L. obtusus, Figure 2-3, Figure 2-4): the 
presence of adult weevils; the presence of a large gall that took up the majority of the 
flowerhead; the presence of an exit hole. 

Urophoru usfinis (Figure 2-5): the presence of a hard, teardrop-shaped gall with a larva 
inside. 

Urophoru quudrifasciutu: the presence of a white larva in the flowerhead not inside a 
hard gall. The'flowerhead usually looked like an uninfected flowerhead (Figure 2-2) with 
a larva nestled between the papus. 

Unknown insect (Figure 2-6): evidence of some insect damage, but without the above- 
mentioned signs. The flowerheads usually had some detritus at the bottom of the 
flowerhead, with some evidence of seed consumption. 

2.2.5 Data Analysis 

Data were entered into an electronic database and quality checked before analysis was conducted. 
Data were summarized for individual release locations and for all locations combined. Density 
count data were summarized as the mean number of stems per square meter. Cover was 
summarized using the midpoints of each cover class. Descriptive comparisons were made 
between cover, density, and flowerhead count between years to examine potential change in time. 
Statistical analysis of the results was conducted when mean values varied enough to suggest a 
meaningful difference. The Mann-Whitney Rank Sum test was used to calculate for significant 
differences in results (Sigmastat 1997). 

2.2.6 Photo-documentation 

At the beginning of the study in 2001, photopoints were established to visually document changes 
in diffuse knapweed populations. Photographs were taken yearly at each release location. Visual 
documentation is an effective tool in showing diffuse knapweed cover changes over time. 
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2.3 Results 

2.3.1 Cover and Density 

2.3.2 

2.3.3 

The overall mean cover of diffuse knapweed plants at the five locations sampled in 2004 was 
13.0% (Table 2-1). Release location LM5 was not sampled in 2004 because the area was treated 
with herbicides and location LM6 was established in 2002. These two locations are not included 
when malung comparisons between years for the density and cover data. Excluding location 
LM5 and LM6 data, the overall mean cover of dif ise  knapweed plants in 2004 was 12.9%. In 
2001,2002 and 2003, the overall mean cover for the four release locations was 25.2%, 11.2% and 
15.8% respectively (Table 2-1). 

The mean cover declined from 2001 to 2002, increased in 2003, and then declined again in 2004. 
The mean cover in 2004 was still slightly higher than in 2002. However, there is no statistacally 
significant decrease between the overall 2003 percent cover and the 2004 percent cover (P = 
0.841). Figure 2-7 depicts visually the changes in mean cover from 2001 to 2004 at each release 
location. Of the five locations monitored in 2004, percent cover of diffuse knapweed decreased 
at two locations (LM2 and LM3) and increased at three locations (LM1, LM4, and LM6) from 
2003 to 2004. Although the percent cover has been fluctuating since the study began, all five 
currently monitored locations have a lower percent cover of diffuse knapweed in 2004 than when 
these locations were initially established (2002 for LM6, and 2001 for the rest of the sites). 

The overall mean density of diffuse knapweed plants at the five locations sampled in 2004 was 
4.9 plants per square meter (Table 2-2). Excluding location LM5 and LM6 data, the overall mean 
density of diffuse knapweed in 2004 was 4.9 plants per square meter. In 2001,2002 and 2003, I 

the overall mean density for the four release locations was 11.1, 5.8 and 3.8 plants per square 
meter respectively. 

Looking at individual release locations, the diffuse knapweed density data (Figure 2-8) shows 
generally the same trend as the cover data. Of the five locations monitored in 2004, density of 
diffuse knapweed decreased at two locations (LM2 and LM3) and increased at three locations 
(LMl, LM4, and LM6) from 2003 to 2004. However the difference between the 2003 density 
and the 2004 density was not statistically significant (P = 0.1 17). All five currently monitored 
locations have a lower density of diffuse knapweed in 2004 than when these locations were 
initially established (2002 for LM6, and 2001 for the rest of the sites). 

Flowerhead Counts 

The mean number of flowerheads per plant at all five locations monitored in 2004 was 454 
flowerheads per plant (Table 2-3). T h s  number is almost twice as high as it was in 2003 (242 
flowerheads per plant, excluding LM5 for comparison between years). There was a statistically 
significant difference between the number of flowerheads per plant in 2003 and 2004 (P = 
<0.001). The 2003 number of flowerheads per plant is almost twice as high as it was in 2002, 
13 1 flowerheads per plant. The mean number of flowerheads per plant has been nearly doubling 
since 2002. Except at location LM2, where the number of flowerheads decreased slightly from 
2003 to 2004, the number of flowerheads per plant has increased at all locations from 2003 to 
2004 (Figure 2-9). 

Seed Counts/ Insect Effectiveness 

The average number of seeds per flowerhead across all five locations monitored in 2004 was 3.08 
seeds per flowerhead. This was almost six times higher than the 0.55 seeds per flowerhead 
observed in 2003 (Table 2-4, Figure 2-10). The difference between the 2003 data and the 2004 
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data was statistically significant (P = <0.001). The number of seeds per flowerhead increased at 
every release location between 2003 and 2004. The highest number of seeds per flowerhead was 
found at Location LM4. 

The flowerheads were split into two groups (flowerheads with and without evidence of insect 
damage) and the average number of seeds per flowerheads for both groups was calculated. The 
average number of seeds per flowerhead for heads that showed some evidence of biocontrol 
insect damage was 0.37,0.14, and 1.10 seeddflowerhead in 2002,2003 and 2004, respectively 
(Table2-5). The average number of seeds per flowerhead for flowers showing no evidence of 
insect damage was 2.48,5.66 and 7.49 seeds/flowerhead in 2002,2003 and 2004, respectively. In 
all three years, the number of seeds per flowerhead, for flowerheads with insect damage, was 
statistically lower than for those showing no insect damage (2002 = P<0.05,2003 = P<O.OOl, 
2004 = P<O.OOl). 

In 2002,74% of flowerheads had some evidence of insect infestation (Table 2-6, all species of 
biocontrol insect). In 2003, this number increased to 93%. In 2004, the number of flowerheads 
with some evidence of insect damage dropped to 69% (345 flowerheads out of 500 total 
flowerheads collected). The decrease in data from 2003 to 2004 was statistically significant (P = 
<0.001). Location LM5 had the lowest percentage of insect evidence in flowerheads for 2004 
(63%), and LM2 had the highest (76%). 

The 345 flowerheads (out of 500 total) that showed some form of insect damage in 2004, were 
split into four groups depending on the type of insect damage that was evident. The four types of 
insect damage groups included: Larinus spp., U. afflnis, U. quadrifasciata, and unknown insect. 
Out of the 345 flowerheads that had insect damage only three flowerheads had evidence of more 
than one species of insect in one flowerhead. In one flowerhead, there was evidence of one 
Larinus spp., and one U. afflnis gall. One flowerhead was found with two U. guadrfasciata 
larva and two U. affinis. And the third flowerhead was found with one U. guadrifasciata larva 
and two U. afflnis galls. The other 342 flowerheads had evidence of only a single species of 
biocontrol insect. 

There were about the same number of flowerheads with evidence of U. afflnis, U. quadrifasciata 
and unknown insects (54,58, and 56 respectively, Table 2-7). Larinus spp evidence was present 
in 180 flowerheads, which is more than the flowerheads in the other three categories combined. 

There seems to be a pattern to where the higher abundance of the two species of Urophora can be 
found (Figure 2-1 1). The abundance of Urophora spp. (either separately or combined) seems to 
be higher at release locations where the abundance of Larinus spp. is lower and lowe'r at relaese 
locations where the abundance of Larinus spp. is higher. At locations LM1, LM2 and LM4 
where the number of Larinus spp., is highest (42,41 and 40 respectively), the number of 
Urophora spp. is lower. But at location LM3 and LM6, where the number of Larinus spp. dips to 
32 and 26, respectively, the number of Urophora spp. is higher. One possible explanation for t h s  
pattern could be that the Larinus spp. larva are known to consume everything in the flowerhead 
they occupy, including other larva (of their own or other species). Therefore, a higher number of 
Urophora spp. larva could have managed to survive at locations where there was a lower 
abundance of Larinus spp. 

Not only was there a greater abundance of Larinus spp. than the other insect species, but the seed 
production in flowerheads with Larinus damage was lower than in flowerheads with damage of 
other insects (Table 2-8). The average number of seeds per flowerhead in flowerheads with 
Larinus damage was 0.04 seeds, with U. afflnis damage was 1.57 seeds, with U. guadrifasciata 
damage was 3.90 seeds, and with unknown insect damage was 1.30 seeds. There is also less 
variance in seed production in flowerheads with Larinus damage (Figure 2-12). The average 
number of seeds in flowerheads with Larinus damage ranges from 0 to 0.08, whereas the range 

-- 
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for the average number of seeds for U. afinis, U. quadrifasciata, and unknown insect 
flowerheads was 1.14 to 2.67,3.22 to 4.5, and 0.40 to 3.42 seeds, respectively. 

2.3.4 Total Seed Production 

Using knapweed plant density, the average number of flowerheads per plant and the average 
number of seeds per flowerhead, diffuse knapweed seed production per square meter was 
calculated. The average seed production for 2002,2003 and 2004 (excluding LM5) was 825, 
202 and 7,433 seeds per square meter, respectively (Table 2-9). Seed production increased at all 
release locations from 2003 to 2004. The largest increase in seed production was seen at location 
LM4 where the seed production increased 162 fold from 2003 to 2004. 

2.3.5 Photo-documentation 

Four years of photographs taken to visually document changes in diffuse knapweed populations 
are available in Appendix B on the CD-ROM. The photographs were taken yearly at each release 
location. An example of these photographs is shown in Figure 2-13. In Figure 2-13, photo (a) 
was taken in 2001, photo (b) in 2002, photo (c) in 2003, and photo (d) in 2004. All four photos 
were taken from the same location and looking in the same direction. The photos show a 
substantial decrease of diffuse knapweed cover from 2001 to 2003 (sage green colored plants). 
The photos also show a resurgance in knwpeed cover in 2004. Quantitative data from this site 
also show a decrease in knapweed cover from 2001 to 2003, and an increase in 2004. Visual 
documentation is an effective tool in showing diffuse knapweed cover changes over time. 

2.4 Discussion 

In general, the average cover and density of diffuse knapweed have declined at the release 
locations since the L. minutus were released (Tables 2-1 and 2-2). The greatest decline occurred 
initially the year after the releases were made and numbers have fluctuated around these lower 
levels since that time. Climate may have also had an affect initially on the cover and density of 
diffuse knapweed in 2002 as well. While not possible to separate out the effects of climate on 
this study, it would make sense that an increase in precipitation could result in greater plant 
density (resulting from increased germination of the seed bank) and plant cover (resulting from 
the increased water available for plant growth). During 2002, the year after the initial releases at 
LM1-LM5, a drought was experienced which showed substantial declines in vegetation cover at 
other locations on the prairie at the Site (K-H 2004). From 1992 through 2004, the total annual 
average precipitation was 15.57 inches. From 2002 to 2004, the total annual precipitation was 
11.12 inches, 13.85 inches, and 23.49 inches, respectively. Average diffuse knapweed density 
bottomed out in 2003, the year after the drought in 2002. It began to rise slightly in 2004, 
paralleling the rise in precipitation, but still remains substantially below the original amounts, 
thus suggesting some impacts from the biocontrol insects. Average diffuse knapweed cover has 
not followed this pattern of paralleling the precipitation amounts, but still remains substantially 
below the original amounts, also suggesting some impacts from the biocontrol insects. The 
average number flowerheads per plant dropped in 2002 during the drought and continued to 
increase through 2003 and 2004, paralleling the increase in precipitation (Table 2-3). This 
increase in the number of flowerheads makes sense for an annual species that would try to 
maximize its reproductive ability during a good year. Overall the average number of seeds per 
flowerhead showed a delayed response, declining the maximum amount in 2003, the year 
following the drought, before rising dramatically in 2004, presumably in response to the 
increased precipitation (Table 2-4). 

Split out by evidence of insect damage, the average number of seeds per flowerhead have steadily 
risen from 2002 to 2004 in flowerheads with no evidence of insect damage (paralleling the 
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increase in precipitation), while a delayed response is apparent in the flowerhead data for the 
average number of seeds per flowerhead showing evidence of insect damage (Table 2-6). Thus it 
is apparent from the data that the biocontrol insects are effective at reducing the seed production 
of affected flowerheads to some extent. The problem however, is that not all flowerheads on a 
plant are affected equally and the insects do not reduce seed production completely. The 
increased numbers of flowerheads per plant observed in 2004. at the Site, was apparently too great 
for the insects to keep up with and deposit eggs into each one. However, using the data from seed 
production from all flowerheads combined still shows a reduction in overall seed production, 
compared to the flowerheads with no evidence of insect damage. Therefore the biocontrol insects 
are having some effect at reducing seed production. What effect the insects will have in the long- 
term on the abundance of diffuse knapweed at the Site remains to be seen. While a reduction in 
the overall seed production has been seen and may have had some effect on reducing the visual 
abundance of diffuse knapweed at the Site, it has not reached the level of success seen during 
2002 and 2003 on Boulder County Open Space to the north of the Site. Several releases of 
different biocontrol insects were made initially in 1997 at this location. 

A comparison of data between these two locations shows that the number of seeds produced per 
flowerhead at the Site in 2003 as well as 2002, are comparable to the results from the Boulder 
Open Space site north of Rocky Flats (Seastedt et al, 2004). Results from the Boulder site show a 
number of 0.8 seeds per flowerhead in 2002, and 0.1 seeds per flowerhead in 2003. At the Site, 
there was a similar decrease in the number of seeds per flowerhead from 0.91 in 2002 to 0.55 in 
2003. The lower number of seeds per flowerhead at the Boulder site, may be due to the fact that 
biocontrol insects have been present for a longer period of time at the Boulder site. At the 
Boulder site during 2002 and 2003, very little diffuse knapweed was visible throughout the 
release area (Nelson, 2004). However, in 2004, visual observations showed a dramatic increase 
in the amount of diffuse knapweed at the Boulder site, presumably as a result of the increased 
precipitation (Nelson, 2004). 

So while the role of climate changes with respect to the effectiveness are not clearly understood, 
it is apparent that climate influences the effectiveness of the diffuse knapweed biocontrol insects. 
It is evident also that the biocontrol insects have had some effectiveness is reducing the seed 
production of the diffuse knapweed at the Site, which is an important step towards controlling this 
annual species which reproduces by seed. The use of biocontrol insects alone will not likely 
completely control diffuse knapweed at the Site or most locations along the Front Range where it 
is problematic, however, it is a tool in the toolbox of weed control methods that can be used 
where other methods are inappropriate or not feasible. 

2.5 Conclusions 

Biological control insects have begun to show some effectiveness in controlling the diffuse 
knapweed population on Site. Some reduction in diffuse knapweed density and cover have been 
observed, in addition to a reduction the number of seeds per infested flowerhead. It is apparent 
also that climate plays a role in the effectiveness of the biocontrol insects. During 2004, the 
increase in the number of flowerheads per plant was so great that the biocontrol insects were not 
able to effective lay eggs into each flowerhead. Thus some flowerheads had no seed reduction 
which resulted in a large overall increase in the amount of seed production. Even with this 
however, the insects did reduce the amount of seed that would have been produced, and thus are 
having some effectiveness. It will remain to be seen in the long-term how biological control 
insects affects the overall visual abundance of diffuse knapweed at the Site. The biocontrol 
insects are one of many tools in the weed control toolbox that can continue to be used to help 
control diffuse knapweed at the Site. 
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Figure 2-2. Diffuse Knapweed flowerhead with no evidence of biocontrol insects. The phyllaries were 
pulled backwards and the seeds were pushed out from between the Pappus. 
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Figure 2-3. Larinus minutus weevil in a Diffuse Knapweed flowerhead. The flowerheads were cut 
lengthwise. In figure (a), the weevil is still inside its gall in the flowerhead. Note the “plug” (top of the 
corolla) that sat on top of the gall prior to cutting. 
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Figure 2-4. Larinus miniitus (a) and L. obtirsus (b) damage on Knapweed flowerheads. 

Photo by Bob Richard, USDA-APHIS-PPQ 
http://mtwow.org/Larinus-minutus-photos.htm1 

Photocredit: 
Montana State University Archives 
Montana State University 
www.forestryimages.org 
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Figure 2-5. Urophora fly gall and larva. The larva in (a) is still inside the gall. Note the presence of a 
few seeds. 
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Figure 2-6. Insect feeding damage on Diffuse Knapweed flowerhead. The flowerhead is c;t lengthwise. 
Note detritus and lack of seeds. 
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Figure 2-7. Diffuse Knapweed cover at biocontrol release locations. 
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Figure 2-9. Average Diffuse Knapweed Flowerheads Per Plant at Biocontrol Release 
Locations in 2001-2004. 

2001 2002 2003 2004 
Year 



4 

3.5 

3 

,,, 2.5 
a 
9) 
9) 
v) 
IC 

0 2  
t 
E 
P 

¶ 

1.5 

1 

0.5 

0 

Figure 2-10. Average number of seeds per flowerhead for six biological release locations from 
2002 to 2004. 
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Figure 2-1 1. Number of flowerheads with evidence of four types of insect damage 

13- Urophora quadrifasciata 
+ Urophora affinis 

LM 1 LM2 LM3 
Release Location 

LM4 LM6 



5.00 

4.50 

4.00 

-+-Unknown insect 

2 3.50 

B 0 3.00 

al 

E 
c 
al 
0 

U 
al 
al 
v) 
IC 

0, 

L 

2.50 

2.00 
n 
E 
$ 1.50 

1 .oo 

0.50 

0.00 

4 n  
I 

U 4 0.43 

Q " 
I m n n4 

LM1 LM2 LM3 LM4 LM6 Average of all sites 
Release Location 



Figure 2-13. Visual documentation of diffuse knapweed at biocontrol insect release location LM 1 
from 2001(photo a) to 2004 (photo d). In 2001 diffuse knapweed covered almost the entire hillside. The 

cover decreased in 2002 and 2003 to where only a few plants can be seen in photo c (sage green colored 
plants). In the 2004 photo, the cover of diffuse knapweed has increased again, but is not as thick as in 200 1. 
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3. Sitewide Wildlife Survev 

3.1 Introduction 

Site ecologsts monitor for the presence of significant wildlife species through the use of sitewide 
wildlife surveys. Sitewide wildlife surveys are conducted monthly along established roads in the 
Buffer Zone (BZ). This monitoring provides information on what significant species of animals 
use the site, the relative abundance of each of those species, and locational information on the 
species. Significant species are of special interest because of their status as high-visibility 
species, indicator organisms, sensitive species, federal and state protected species, or game 
species. The questions under investigation included: 

0 What wildlife species use the Buffer Zone at the Site? 

0 What is the relative abundance of these species? 

At what locations are certain species most commonly found? 

3.2 Methods 

During 2004, sitewide wildlife surveys were performed monthly along all passable, established 
BZ roads (Figure 3-1). Road selection was made on the basis of all-season accessibility. Areas 
surveyed were limited to areas that were visible’from the roads. Preference was given to fair 
weather to optimize observation availability and driving conditions. During these surveys all 
visible individuals of significant species observed during a short time-span (3 to 4 hours) over the 
entire property were recorded. Data recorded include species, location (using the BZ gridlines, 
Figure 3-1), activities, habitat, number of individuals, and age and sex classifications. 

Significant species groups include waterfowl, big game mammals, game birds, carnivores, raptors 
(birds of prey), small game mammals, furbearers, herpetiles, and selected other species. The 
species observed on Site during the sitewide survey in 2004 were assigned to one of the above- 
mentioned groups (excluding most songbirds). For data analyses, all mammals (taxonomic group 
lagomorph, big game, carnivore, and mammal) were grouped together. Relative abundance was 
calculated separately for the mammal, raptor and waterfowl group. To enable comparisons 
between 2004 and previous years’ sitewide survey data, the relative abundance was also 
calculated using all the species observed throughout the year, regardless of taxonomic group. 

3.3 Results and Discussion 

3.3.1 General Relative Abundance 

The relative abundance of all the species observed during 2004 were calculated and are shown in 
Table 3-1. The table also shows the overall relative abundance of all the species observed in 
2001,2002 and 2003. Mule deer (Odocoileus hemionus, RA 43.22 %) had the highest relative 
abundance for all four years. In 2001,2002 and 2003 the Mallard duck (Anasplatyrhynchos) had 
the second highest relative abundance after the mule deer. However in 2004, it was the American 
Coot (Fulica americana, RA 9.95%) that had the second highest relative abundance. The highest 
number of observations of the American Coot throughout 2004 was made at the D-2 pond, where 
a large number of these waterbirds nested and fledged their young. The D series ponds, although 
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close to Indiana Avenue road traffic, is secluded fi-om on site activities and rarely has human 
visitors. 

Most species that were observed in one year, but not another, had a very low relative abundance. 
Many of these species, which were observed only a few times during the year, use the Site on 
their way to other locations or for huntindfeeding. The Osprey (Pandion haliaetus), for example, 
(observed during the August sitewide survey in 2004) has not been documented on Site since in 
1997. Both observations occurred in the Southeast BZ. 

Other species that occasionally visit the Site include the bald eagle (Haliaeetus leucocephalus, 
one observation per year since 2002) which has never been documented nesting on site; most of 
the time the activity associated with this species has been “in transit”. The golden eagle (Aquila 
chrysaetos, three observations in 2002, one in 2003, and one in 2004) has also never been 
documented nesting on Site, but it has been documented at varfous times hunting or feeding. 

Another species that was seen in 2004, but not in the three preceding years, is the stripped skunk 
(Mephitis mephitis). This nocturnal species was probably present on Site prior to 2004, but never 
seen because the majority of the surveys are conducted in the daytime. The skunk documented in 
May 2004 survey was dead and visible due to the presence of turkey vultures. 

3.3.2 Mammals 

Mule deer 

When relative abundance is calculated for the mammal group (excluding the other taxonomic 
groups), the mule deer is again the species with the highest relative abundance (RA 90.48%, 
Table 3-2). Figure 3-2 shows mule deer use areas in 2004. This species of deer is widely 
distributed on Site, and is frequently seen near human disturbance areas (the Industrial Area is not 
surveyed during this survey; the map does not reflect mule deer use of that area). 

Figure 3-3 presents the winter mule deer counts from 1994 through 2004. The 2004 deer count of 
155 individuals is one of the highest counts since 1994. The lowest deer count was in 2003 (79 
deer), possibly due to the 2002 drought. Data from the winter sitewide survey is used to estimate 
the mule deer population on Site. The winter survey (usually the December survey) is chosen for 
this estimate because there is greater visibility of animals. Because of the lack of foliage and 
occasional presence of snow groundcover, animals are highly visible. Sex is also easily 
distinguishable during the winter because the males have not yet shed their antlers. Figure 3-4 
shows the deer counts from all monthly sitewide surveys for years 2001 through 2004. The graph 
shows the monthly fluctuations in deer counts. The winter deer counts are the most reliable deer 
population counts due to the hgher visibility of the deer, but some deer may be missed during the 
survey. So the actual deer numbers may be higher. The September survey was the night sitewide 
survey for years 2001 through 2003 (lower deer counts results from low visibility), but in 2004 
the September survey was not conducted at night. 

I Elk \ 

In 2004 the number of elk that visited the site was not as high as in 2003. In 2004, there were two 
sitewide surveys (March and May) with observations of elk. The highest number of elk observed 
in 2004 were 8 individuals, whle in 2003 as many as 17 individuals were observed. Even though 
there were fewer elk on Site in 2004, they used different areas of the Site. Four individuals were 
observed in the South Buffer Zone (Figure 3-9,  when in previous years elk were only observed 
in the North Buffer Zone. In the past, elk were a rare visitor to the Site. The increase in elk use 
of the Site indicates that either conditions on Site are becoming more habitable to the elk (less 
disturbance in the Buffer Zone, fewer man-made structures such as fences, etc.) or that the 
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I 3.3.3 

environment usually used by the elk is becoming less habitable (human encroachment, 
overcrowdmg, habitat disturbance etc.). Elk observations on Site are still occurring in areas 
distant from the IA. Perhaps as buildings in the IA are removed and human activity decreases 
after closure, the elk will utilize a larger portion of the Site. 

White-tailed deer 

Another flighty big game species that occurs on Site is the white tailed deer (Odocoileus 
virginiunus, RA 0.34%, Table 3-2). In 2001and 2002 several observations of white-tailed deer 
were made, mostly in the South BZ. In 2003 and 2004, the number of observations were lower. 
Figure 3-6 shows the areas where white tailed deer were observed in 2004. The white tailed deer 
are more flighty than the mule deer, and are usually seen fleeing or running and do not seem to 
tolerate human disturbances as well. The only observations in 2004 of white-tailed deer were of a 
female, and two fawns that were seen with the female. The fawns were assumed to be white- 
tailed deer at the beginning of the year, but further fortuitous observations showed that the fawns 
are actually hybrid deer. The fawns looked like mule deer except they had longer black tails. 
The white-tailed deer and her fawns were observed with a herd of mule deer. When the observer 
approached with the car, the white-tailed deer and her fawns responded with a flight response, 
while the mule deer remained lying down. 

Black-Tailed Prairie Dogs 

The relative abundance of the black-tailed prairie dog (C’nomys Iudoviciunus) in 2004 was 
3.17% (Table 3-2). In 1993, the prairie dog population was devastated by plague, and the species 
was eliminated from most areas on Site. However, prairie dogs have been observed in certain 
areas on the Site on a regular basis for several years. These sightings have mostly been in the 
north BZ, along Highway 128, and the southeast part of the BZ, just south of the east gate. It is 
not surprising to see prairie dogs in these areas because the areas north of Highway 128 and east 
of Indiana Street are used as prairie dog relocation and release sites by local cities and counties. 

Two new prairie dog colonies were established in the fall of 2002. 2002 was a drought year, and 
it is assumed that the prairie dogs migrated along a powerline service road from the colony 
located along the eastern Site boundary. One colony was established north of the C-2 pond, and 
one south of the C-2 pond. Both colonies were active in 2002 and 2003, however the northern 
location became inactive at the end of 2003. The southern location remained active through 
2004, with four individuals being observed in the spring and summer. 

Unlike the other colonies located on the periphery of the Site where there is an interchange of 
. individuals to and from offsite, this southern colony is fairly isolated. It is unlikely that 

individuals from this colony would migrate from their current location, unless the number of 
prairie dogs increased and the colony was stressed. It is possible to see the same type of 
expansion that was seen in 2002 if another drought stresses either the peripheral colonies, or the 
isolated colony south of the C-2 pond. Because of the burrowing nature of prairie dogs, 
relocation actions on Site may be necessary if, in the future, the prairie dogs move closer to 
locations in the Industrial Area where they are undesired. 

Raptors 

One of the largest groups of predators that utilize the Site is the raptor group. Ecologically, 
raptors are an important taxonomic group because they require very specific nesting sites (mostly 
riparian woodland) and help limit the populations of small mammal prey species. 

During the 2004 sitewide surveys, there were 112 observations of raptors on Site, which is almost 
twice as high as the 66 observations in 2003. The most common raptor on Site during 2003 was 
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the Red Tailed Hawk (Buteojurnuicensis) with a relative abundance of 40.18%. The American 
Kestrel (Fulco spurverius) followed in second place with a relative abundance of 23.21%. And 
the great homed owl (Bubo virginiunus, third most common raptor on Site) had a relative 
abundance of 11.61% (Table 3-3). These three species are common on Site throughout the whole 
year, and have either been seen or are believed to be nesting on Site. 

The relative abundance of the Swainson’s hawk (Buteo swuinsoni) increased from 3.03 in 2003 to 
8.93 in 2004 (fourth highest raptor relative abundance in 2004). A pair of Swainson’s hawks 
nested in North Walnut Creek upstream from the A-1 pond, and successfully raised one offspring. 
This species of hawk has been observed on Site in the past years, but has not been observed 
nesting since 1999, when a pair of Swainson’s hawks nested upstream fiom the C-1 pond in 
Woman Creek. The year prior, in 1998, a pair of Swainson’s hawks was observed nesting in 
North Walnut Creek, in the same area as the pair from 2004. Other species of raptors observed 
on Site and their relative abundance are shown in Table 3-3. 

3.3.4 Waterfowl 

The relative abundance for the waterfowl taxonomic group was calculated, and the American coot 
was the species with the highest relative abundance (22.17%, Table 3 4 ,  closely followed by the 
mallard duck (22.08%). There has been a fairly dramatic increase in the abundance of American 
coots over the past three years. In 2002 and 2003 the relative abundance of the American coot 
was 1.71% and 13.33%, respectively. As mentioned previously, the majority of American coot 
observations in 2004 occurred at the D-2 pond, where there is little human disturbance. The. 
increase in American coot abundance could be a result of natural population fluctuations, or 
disturbance of coot habitat in off-site locations. 

As expected, waterfowl observations were mostly made near water structures such as the man- 
made ponds in Walnut and Woman Creek (Figure 3-7). Waterfowl observations made in 
.locations not associated with a water structure were usually of birds in transit. There are a lot of 
remediation and closure-related activities planned in 2005 for ponds in Walnut Creek and Woman 
Creek. It is expected that there may be a drop in waterfowl abundance during times of project 
activities. However, since ponds will remain in place post closure, it is expected that waterfowl 
will continue using the Site’s water features in future years. 

I 3.4 Conclusion 

The\sitewide survey continued to document the presence of many of the significant wildlife 
species at the Site. Annual variations in relative abundance from 2003 to 2004 were documented, 
but are expected gven this type of survey. The diversity and abundance of wildlife species 
observed on surveys conducted in 2004 continued to verify the high quality of habitat available in 
the Buffer Zone at the Site. 
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Figure 3-3. Total Number of Mule Deer in Winter (1994-2004) 
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Figure 3-4. Sitewide Survey Mule Deer Observations 
from 2001 to 2004 
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Table 3-1. Relative abundance (RA) of all species observed during the 2004 Sitewide Survey, as well as 
the corresponding relative abundance from the 200 1,2002 and 2003 survey. The table is sorted by the 



I 

* Species was not observed this year during Sitewide Surveys. 

Table 3-2. Relative abundance (RA) of the mammal species observed during the 2002,2003 and 2004 



Table 3-3. Relative abundance (RA) of the raptor species observed during the 2002,2003 and 2004 

*Species was not observed this year during Sitewide Surveys. 

Table 3-4. Relative abundance (RA) of the waterfowl species observed during the 2002,2003 and 2004 

. .  



*Species was not observed this year during Sitewide Surveys. 



4. 2004 Hiah-Value Veaetation Survevs 

4.1 Introduction 

The Rocky Flats Environmental Technology Site (the Site) is located along the Front Range of 
Colorado in an ecotonal position between the Great Plains and Rocky Mountains. As a result it 
contains plant species common to both physiographic regions. Several plant communities have 
been identified by the Colorado Natural Heritage Program (CNHP) as containing significant or 
rare ecological resources at both the local and regional scale (CNHP 1994, 1995). These high- 
value plant communities, as they are called at the Site (xeric tallgrass prairie, tall upland 
shrubland, selected wetlands, and Great Plains riparian woodland), have been selected for special 
qualitative monitoring to assess their status, quality, and condition. These qualitative surveys 
evaluate conditions at a community-wide scale across the Site as a whole. This qualitative 
information, coupled with other quantitative monitoring data gathered at specific locations within 
the plant communities, provides important information at appropriate scales for resource 
management. 

Objectives of the high-value vegetation monitoring are to qualitatively: 

Identify any rare plant populations, and document the locations and continued presence of 
any rare plant populations 

Identify and document any infestations of noxious weeds 

Document the effectiveness of weed-control efforts 

Assess the impacts of disturbance on the plant communities 

Provide a general assessment of the overall status and quality of the plant communities. 

0 

0 

0 

0 

4.2 Methods 

4.2.1 Weed Mapping 

Sitewide weed mapping continued for selected species as a means of identifying high-priority 
treatment areas, monitoring the distribution of specific noxious weed species, discovering new 
weed species (if any), and tracking the effectiveness of weed control. Weed mapping in 2004 
was conducted both on foot and from a vehicle using binoculars at the Site. Species were mapped 
during their respective flowering periods and/or when they were most visible. The species 
mapped in 2004 included diffuse knapweed (Centaurea dzfusa) and dalmatian toadflax (Linaria 
dalmatica) . 
Infestation areas were classified into general density categories of high, medium, low, and 
scattered, based on a subjective interpretation of the extent, visual density, need for control, and 
aggressive nature of the species. In general, a high-density category indicated that an area that 
was dominated by a nearly solid infestation and/or very high cover of the species. A medium- 
density category was used where the infestation provided less cover and was less homogeneous in 
the distribution of the species. The low-density category was used where individuals of the 
species were present in fewer numbers and were not visually dominating the landscape, but were 
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beginning to establish a foothold in the community and were in need of control. The scattered- 
density category indicated a sporadic occurrence of the species. 

The noxious weed populations and distributions were drawn in the field on 44- x 34-inch sitewide 
base maps. With regard to the resulting maps, it should be noted that the boundaries shown on 
the maps are only approximate and are based on professional judgement. They should not be 
interpreted as a precise outline of the distribution of these species, because no surveying or global 
positioning system (GPS) equipment was used to locate boundary edges, nor do the maps 
necessarily represent every location of the species on the Site. Attempts were made to visit the 
entire Site, but some infestations may still have been missed. 

4.2.2 Photographic Documentation 

Photographs were taken at all the permanent photo points in the Buffer Zone (BZ) and Industrial 
Area (IA) during the summer of 2004 to document and evaluate any changes resulting from 
climatic changes or natural resource management actions. Photographs were taken from 
established photo points in the same compass directions as past photographs. Photographs were 
then compared to those taken previously. Time-series photographs can be viewed in Appendix C, 
D, and E on the CD-ROM. 

Further details on the high-value vegetation monitoring methods are found in the document High- 
Value Vegetation Survey Plan for the Rocky Flats Environmental Technology Site (K-H 1997a), 
the Environmental Management Department Operating Procedures Manual (DOE 1995), and 
2004 Ecological Field Sampling Plans for the Rocky Flats Environmental Technology Site (K-H 
2004a). 

4.3 Results and Discussion 

4.3.1 Site Flora 

As a result of the 2004 fieldwork, a total of 3 new records of vascular plant species are reported. 
Plant nomenclature follows that of GPFA (1986), Weber (1976), and Weber (1990), in that order 
of determination. The new plant species reports as occurring at the Site include: 

Family Scientific Name Speccode 

Papaveraceae Eschscholzia californica Chamisso ESCAl 

Verbenaceae Verbena bipinnatifida Nutt. VEBIl 

Malvaceae Sphaeralcea pawifolia A. Nelson SPPAl 

The complete list of plant species known to occur at Rocky Flats as of the end of 2004 is found in 
Appendix F on the CD-ROM. Voucher specimens of these species will be deposited at the 
University of Colorado Herbarium in Boulder, Colorado (COLO). 

4.3.2 Rare-Plant Monitoring 

Four plant species that occur at the Site are listed as rare and imperiled in Colorado by the 
Colorado Natural Heritage Program (CNHP 1999). The presence of these species underscores the 
significance of the ecological resources found at the Site and its value in the regional landscape. 
Although none of them have any legal protection under state or federal law, they are monitored at 
the Site and projects are modified to minimize potential impacts, as feasible. On-Site populations 
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4.3.3 

4.3.4 

of mountain-loving sedge (Carex oreocharis), forktip three-awn (Aristida basiramea), 
carrionflower greenbriar (Smilax herbacea ssp. lasioneuron), and dwarf wild indigo (Amorpha 
nana) were revisited during 2004. Populations of all four species were visited during 2004 and 
appeared in good condition. 

An evaluation was continued on efforts to establish new populations of forktip three-awn in the 
Buffer Zone (BZ; see K-H, 2002,2003,2004b for details). In fall 2001, seed collected from the 
only known location of forktip three-awn was sown by broadcasting into two - 1 meter square 
plots (approximately 100 seeds per plot: Figure 4-1). In fall 2002, monitoring was conducted to 
determine whether any of the seeds germinated, developed into adult plants, and produced any 
fruit. One plot had a total of 25 plants present and while the other plot had a total of 28 
individuals. Only a few of the plants in the plots had produced flowers and gone to seed. 

During 2002, additional seed (approximately 400 seeds) was collected at large population 
discovered along North Walnut Creek, west of the IA in 2001. This seed was then planted in four 
1-meter square plots near where the seeding trials had been conducted in 2001 (Figure 4-1). 
Approximately 100 seeds were placed in each plot in fall 2002. In fall 2003, all the seeded plots 
were rechecked and the number of individual plants counted. During 2003, in the original 2001 
plots, 15 and 28 plants were counted. In the 2002 plots, the plots contained 15,20,27, and 85 
individuals. Many of these had flowered. During fall 2004, additional counts were made in each 
of the plots. In and near the 2001 plots, 7 and 54 individuals were counted. In the 2002 plots, a 
total of 13,21,34, and 136 individuals were observed in the vicinity of the plots. The fact that 
the forktip three-awn germinated and grew so easily, even in drought conditions, would suggest it 
is not too difficult to establish new populations under suitable environmental conditions. The 
2004 observations indicated the plants have begun to spread outside the original plots (largely 
downwind). The native, iron oxidized, reddish gravel typical of borrow areas and other disturbed 
areas where the topsoil has been scraped off at the Site seems very suited to the species. It might 
be feasible to increase the populations of forktip three-awn further at the Site by reseeding the 
species into closed BZ roads on the top of the pediment, on some of the areas where mine 
reclamation will eventually take place, or at some revegetation sites in the Industrial Area (IA). 
Figure 4-1 shows the known locations of forktip three-awn at the Site. 

Plant Community Disturbance in 2004 

During 2004, several projects disturbed areas of the Buffer Zone near the IA (Figure 4-2). The 
incinerator project removed some large concrete flows and a buried incinerator from the 
southwest BZ (see Revegetation Section of this annual report for more information). 
Approximately 3.5 acres was disturbed and has been revegetated to return the previous concrete 
flows back to native prairie. East and south of the 903 pad area approximately 39 acres were 
disturbed and revegetated during remediation activities. The Centennial Mine, north of the west 
access road, expanded eastward near the raw water pond in the western BZ, disturbing 
approximately 36.5 acres of xeric tallgrass prairie at the Site. 

Weed Mapping and Weed Control 

Resource management is an important concern, with a goal to protect and sustain the native 
ecological resources that make the Site so unique along the Front Range. One of the big 
challenges at the Site is to manage the ecological resources with a limited set of methods 
available as management tools. Currently most efforts have focused on the control or eradication 
of the weed species themselves with little emphasis on trying to improve conditions for the 
desired native species. Two of the key tools for grassland management, fire and grazing, are not 
currently allowed or planned for use at the Site through closure. As a result, management of the 
ecological resources is largely limited to controlling the noxious weeds themselves. The 
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Comprehensive Conservation Plan (CCP; USFWS 2005) developed by the U.S. Fish and Wildlife 
Service for management of the Rocky Flats National Wildlife Refuge after closure, has identified 
the full range of Integrated Pest Management (IPM) tools for use at the refuge for controlling 
weeds. This includes administrative, cultural, biological, mechanical, chemical, prescribed fire, 
and grazing as viable tools for controlling noxious weeds and ecosystem management. 

The 2004 weed distribution maps for diffuse knapweed and dalmatian toadflax are shown in 
Figures 4-3 and 4 4 ,  respectively. Weed distribution maps for various mapped species at the Site 
from 1997 through 2004 can be found in Appendix G on the CD-ROM. After being entered into 
the Site Geographc Information System (GIs), the overall extent of these species across the Site 
was estimated by species and by infestation level. Table 4-1 contains the estimated total acreage 
and acreage-by-density category for each species, based on the 2004 maps. Dalmatian toadflax 
covered approximately 2,858 acres, while diffuse knapweed was present on 2,259 acres at various 
levels of infestation. The total acreage of the Site is approximately 6,500 acres (K-H 1997b). It 
should be noted that the acreage values are only approximate and should not be interpreted as 
exact areas. These values are also only representative of known locations for these species. It is 
possible that unmapped infestations are present as well. 

Table 4-2 shows the annual total infested acreages for diffuse knapweed, dalmatian toadflax, 
musk thistle (Curduus nutuns), and common mullein (Verbuscum thupsus) fiom 1997 to 2004. 
[NOTE: Most of the large increases in infestation acreages from 1997 to 1998 were a result of 
the time of year in which mapping was conducted. Mapping in 1997 was conducted in August 

' for each of the species. Beginning in 1998, weed mapping was conducted for each species when 
that species was in flower andor most visible. Therefore, the higher visibility of the species at 
the time of mapping allowed more accurate estimates of their infestation levels from 1998 
through 2004.1 

Considerable annual variation in the number of infested acres for each species listed in Table 4-2 
exists due to annual climatic differences and herbicide applications. Most of the reductions for 
each species from 1998 or 1999 through 2002 were due to the large-scale aerial herbicide 
applications. In 2002, some of the decreases seen for each species were also a result of the 
drought that year. This caused many species, native species and noxious weeds alike, to either 
remain dormant or to not germinate from seed. However, in 2003 there was a large increase in 
the number of infested acres due to the above average snowfall received in March 2003 that 
caused a large germination seed from the seedbank and growth of dormant perennial plants. This 
caused a two to four fold increase in the number of infested acres for the different noxious weed 
species compared to 2002. Increased precipitation in 2004 also probably accounts for the 
continued high number of infested acres in 2004. Diffuse knapweed levels dropped in 2004 for 
the high and medium categories. Increases were noted in the low and scattered categories. Also 
due to increased mining activities and expansion of the Centennial Mine on the west side of the 
Site no mapping was conducted in this area in 2004 because of difficulty of access. This 
accounted for approximately 1 13 acres and may account for part of the overall reduction in total 
acreage for diffuse knapweed in 2004. For dalmatian toadflax, the only category with an increase 
in acreage in 2004 was the medium category. The high, low, and scattered categories all showed 
declines in overall acreage in 2004. 

During 2004, a total of approximately 330 acres were treated with herbicides using ground 
applications: Transline@ (14 acres), Plateau@ (16 acres), Roundup@ (1 1 acres), and Tordon22K@ 
(227 acres @ 1 pinuacre and 62 acres @ 1 quadacre) (Figure 4-5). The species these herbicides 
were used for are discussed below. Additional herbicide treatment locations from earlier years 
(1997 - 2004) can be found in Appendix G on the CD-ROM. 
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The abundance of diffuse knapweed has been decreased considerably on the pediment tops at the 
Site through the ast herbicide applications made with a helicopter (1999-2002). Both Transline@ 
and Tordon22K have been used. Tordon22K@ has given approximately 4 years of control at 
many locations. However, studies at the Site have shown there are also impacts to the native forb 
species with Tordon22K@ (see K-H 2004b for more details). The native forb community takes 
approximately seven years to return to pre-treatment levels after an application of Tordon22K@ 
(application rate = one pinuacre). In the drainages, however, treatment of diffuse knapweed with 
large scale herbicide applications are no longer possible because these areas are located in 
Preble’s mouse habitat (a federally listed threatened species) and permission from the USFWS 
has not been obtained that will allow weed control of any significance in the mouse habitat. So 
instead, several releases of diffuse knapweed biocontrol insects have been made at locations 
where herbicide applications are not possible. Large numbers of biocontrol insects have been 
released since 2001 and some reduction in seed production of diffuse knapweed plants has been 
observed at the release locations during some years (see biocontrol section of this annual report 
for details of 2004 biocontrol monitoring). The goal is to allow the insects to continue to expand 
across the Site and achieve levels of control similar to what has been seen on Boulder County 
Open Space to the north of the Site. As a result, continued large-scale herbicide applications for 
diffuse knapweed are not planned in order to give the insects the opportunity to continue to build 
their populations. Some small-scale herbicide applications at selected locations may be made 
where biocontrols do not seem to be establishing. Interior fencing that previously captured many 
diffuse knapweed plants that were blowing across the Site was removed during the winter of 
2003/2004 as part of BZ cleanup activities and so is no longer available for helping control the 
spread of the species at the Site. 

8 

Past herbicide applications of Tordon22K@ (one pinuacre) have had some reduction effect on the< 
flowering and abundance of dalmatian toadflax at some locations. This was observed at some 
high-density locations of dalmatian toadflax after the helicopter spraying in 2000. At some , 
locations densities still remain reduced, while at other locations the densities have returned or 
never really changed from pre-treatment levels. Higher applications rates of Tordon22K@ have 
been suggested as potentially having a greater effect at controlling dalmatian toadflax. Of course 
with higher rates there will be greater impacts to the native forb community also. So it is a 
balancing act between trying to control the noxious weed species while retaining the biodiversity 
of the grasslands that make Rocky Flats such a unique area ecologically. The challenge with the 
dalmatian toadflax is compounded by the fact that it seems to now be slowly increasing in the 
locations where diffuse knapweed has previously been very abundant. However, if we want to 
increase the effectiveness of the biocontrol insects on diffuse knapweed, we cannot continue to 
spray these areas to get rid of the dalmatian toadflax, because it just decreases the effectiveness of 
the diffuse knapweed biocontrols. So the control efforts of the two species seem almost in 
opposition to each other. Two different biocontrols released for dalmatian toadflax at the Site 
have been unsuccessful at establishing and have had essentially no effect on the toadflax. So 
dalmatian toadflax control on the scale of the infestation levels present at the Site continue to 
remain a challenge. 

Musk thistle and common mullein have been targeted as additional species for control where 
spraying has been done for diffuse knapweed or dalmatian toadflax. The herbicides used for the 
latter species usually control the musk thistle and common mullein as well. A mowing effort was 
also conducted in 2003 to knock down the mullein stems that had created a virtual “forest” at one 
location at the Site. In 2004, it was observed that the mullein came back as strong as ever, so the 
mowing was not much of a success, other than providing some initial aesthetic relief. 

Biocontrol insects released for Canada thistle (Cirsium arvense) have shown little success at the 
Site and because the species is common in wetland areas, control with herbicides is impractical. 

, 
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A mowing and spraying effort was begun on Canada thistle in 2003 at an upland area to 

Canada thistle abundance and the area looked much better. Additional mowing was not 
conducted because the large mower needed to mow the area was unavailable. 

Russian knapweed (Centaurea repens) occurs at one small location at the Site and has been kept 
from expanding by controlling it with herbicides the past few years. Applications of Telar@, 
Tordon22K@, and Roundup@ over the past four years have contained the population and reduced 
the population, but it still holds on. Roundup@ has been the most effective treatment on the 
species. Roundup@ was broadcast in the Russian knapweed patch in 2004 and effectively lulled 
everything in the area (which was predominantly smooth brome). Eradication is the long-term 
goal for this species at the Site and reseeding of the area with native species has been done to try 
to return the area to a native grassland. Russian knapweed seed has a seed bank lifespan of two to 
eight years, so continued monitoring of this area should be conducted to prevent any seed set, 
which would effectively reset the clock on this species at this location. 

Annual rye (Secale cereale), although not a state listed noxious weed, is of concern at the Site 
because it has gotten established-at several locations along roadsides in the BZ and has begun to 
invade the surrounding native prairie. Mowing has been conducted for the past few years to try 
and prevent seed set, but because of problems in getting the mowing crews to the locations at the 
proper time and because the mower height must be set so high due to the rocky nature of the 
roadsides, little success has been made. Because the species is an annual plant, preventing seed 
set is a key factor to its control. Studies have shown that after 14 months, less than one percent of 
the seed remains viable (Stump and Westra 1993). In 2004, Roundup@ was applied along the 
roadsides in the early spring prior to flowering of the annual rye. This was followed by reseeding 
of the roadsides with native species. At one location where annual rye has invaded the native 
grassland, Plateau@ was applied in an attempt to prevent seed set. Observations along the 
roadside where Roundup@ was applied showed a good “kill” of the annual rye. By late summer, 
several annual weeds (green foxtail [Seteria viridis], filaree [Erodium cicutarium], and barnyard 
grass [Echinochloa cntsgallii]) were common along the roadside, but annual rye was not present. 
However, at the location where Plateau@ was applied, the annual rye was on1 stunted and seed 
set was not prevented. It is unclear whether an earlier application of Plateau would have been 
more effective or not, however, while the Plateau@ initially seemed to top kill the plants, the 
plants eventually recovered and set seed at a shorter height. Whether this observed effect was 
influenced by higher than normal precipitation is unclear. A beneficial effect of the Plateau@ 
application was the reduction and apparent die back of Canada bluegrass (Poa compressa), a non- 
native grass species that is common on the xeric tallgrass prairie at the Site. Continued 
observations on the Canada bluegrass will be made to determine the long-term effects and 
whether Plateau@ could be used effectively to decrease the abundance of this undesired cool- 
season species and promote the warm season natives that are common in the area. 

Along one road in the south BZ, jointed goatgrass (Aegilops cylindrica) was sprayed with 
Roundup@ along the roadside edge to kill it and prevent it from going to seed. The treatment was 
effective and killed all the jointed goatgrass. The treated area was later seeded with native grass 
species to try and establish native vegetation along the roadside edge. 

Control of several small populations of Scotch thistle (Onopordum acanthium) was continued and 
while some success has been seen at specific locations, the species continues to be found at new 
locations across the Site. Containment of the species at some locations has been made using hand 
control and spot herbicide applications of Roundup@. These locations are expected to be 
monitored and control applied as necessary. 

’ determine the effectiveness of this treatment. Observations in 2004 showed some reduction in 

J 
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Over the past several years numerous releases of various biocontrol insects have been made at the 
Site to help control different weed species. Most of the insects have been obtained through the 
Colorado Department of Agriculture Insectary at Palisade, Colorado. Figure 4-6 shows the 
release locations of the different species released by the Ecology Group at the Site. Table 4-3 
provides additional information on release dates and numbers of insects released. Other releases 
that were made prior to the early 1990’s or made by the USFWS and Texas A&M University are 
not included in the map or table. 

’ 

4.4 Conclusions 

The rare and imperiled plant species populations (as listed by the CNHP) at the Site appear to be 
healthy; all four rare species were observed during 2004. Attempts to transplant the forktip three- 
awn grass in new suitable habitat have proven to be successful at new locations at the Site. As a 
whole, the ecological resources of the Site remain of high quality and comprise a significant 
component of the larger surrounding regional ecosystem, however,* several management concerns 
remain. 

The threat from noxious weeds continues to be a high management priority. Several noxious 
weed species are problematic and are a threat to the long-term quality and sustainability of the 
plant communities at the Site. Diffuse knapweed, dalmatian toadflax, musk thistle, common 
mullein, and Canada thistle are the most significant noxious weed problems. Control efforts for 
some of these species have reduced the abundance of these species over the past several years, 
shifting the abundance levels from high and medium infestation levels to the low and scattered 
levels. Given the scale of these infestations, however, continued integrated control efforts will be 
necessary for the foreseeable future. Other smaller infestations of newly discovered or recently 
invaded species like bouncing bet, scotch thistle, Russian thistle, and others continue to be 
controlled by hand or spot chemical control with the goal of eradication. In addition to herbicide 
applications in 2004, several biocontrol insects were released at the Site to help control several 
different noxious weed species. 

Efforts continue to preserve and improve the quality of the ecological resources at the Site. As 
the Site becomes a National Wildlife Refuge after cleanup and closure, efforts to integrate more 
of a comprehensive, ecosystem approach to resource management must be continued to restore 
natural processes if long-term sustainability of the native communities is to be achieved. Recent 
efforts have focused substantively on the noxious weeds themselves, without addressing the 
underlying conditions that have lead to the stressed condition of the native communities and 
contributed to the large-scale weed invasions. Specifically, prescribed fire and grazing are both 
crucial processes necessary for grassland health and management. As long-term management 
plans are developed for the National Wildlife Refuge, the use of these and other resource 
management tools should be included to provide the best chance for long-term sustainability of 
the ecosystems at the Site. 

, 
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Table 4-1. 2004 Estimated Weed Infestation Acreage Summary for the 
Rocky Flats Environmental Technology Site 

2004 Acreage 
I Densitv Level 

Common Name 
Diffuse Knapweed 
Dalmatian Toadflax 

_ _  - ~ 

Site Total High Medium Low Scattered 
2259 77 390 1187 605 
2858 77 450 1559 772 

All values are approximate acreages. 
See text for density level descn'ptions. 

Table 4-2. Comparison of 1997-2004 Weed Infestation Extents at the 
Rocky Flats Environmental Technology Site 

AII valuesare approximate acreages. 
See text for density level descriptions. 

2004 Diffuse knapweed values does not include Centennial Mine area as it has in past years. It was not mapped in 2004 
due to the expansion of the mine and lack of access and visibility of the mine area. 



Table 4-3. RFETS Biological Control Insect Releases I 

Note: This table does not reflect all the biocontrol releases made at RFETS. Additional releases made earlier than 1990 or by other agencies such as the 
here as that information was not available. . -  

Table 4-3.xls 
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5.1 lntrod uction 

Dalmatian toadflax (Linaria dalmatica) is a noxious weed that has invaded hundreds of acres 
across the Site and is a problem throughout much of the Front Range of Colorado. The species is 
an escaped ornamental plant from Europe. The species is well adapted to arid environments and 
has a deep, extensive root system. The deep root system, waxy leaves, and high seed production 
make the species difficult to control. The species is a significant problem for ecological resource 
management because of its ability to replace native plant species and degrade the quality of the 
land for wildlife or grazing. 

5.2 

5.2.1 

, 

5 :3 

5.3.1 

A two-phase study was conducted to evaluate the effectiveness of Tordon 22K@ (applied at two 
different application rates [one pintlacre and one quadacre]) on dalmatian toadflax. 

Monitoring 

Purpose 

The purpose of this monitoring effort was to: document the effect of two different application 
rates of Tordon 22K@ on dalmatian toadflax density. 

Methods 

Phase 1 

During June 2003, several dense infestations of dalmatian toadflax in the Buffer Zone (BZ) were 
sprayed with Tordon 22K@ (one pindacre) to evaluate the effectiveness of this herbicide in 
reducing the density of toadflax populations. The locations selected for monitoring were 
established in the south BZ at the Site (Figure 5-1). A control plot and treatment plot were 
established for comparative purposes. Two fifty-meter transects were established in each plot and 
five one-square meter (square shaped) quadrats were randomly located along each transect. 
Within each quadrat the density of dalmatian toadflax stems were counted. Each live stem, 
regardless of height, that was rooted within the quadrat was counted and the total number 
recorded on field data sheets. The average number of stems per quadrat (n = 10) was calculated 
from the data for the control plot and treatment plot. This data established the baseline for Phase 
1 of the study. In 2004, the transects in both the control and treatment plots were monitored to 
determine the effectiveness the spraying (one pintlacre) had on reducing dalmatian toadflax 
densities. 

Phase 2 

A second phase was added to the project in 2004 when an application of Tordon 22K@ (one 
quadacre) was applied to a large infestation of dalmatian toadflax adjacent to the control plot 
transects (Figure 5-1). Pre-treatment monitoring of toadflax density in this area was conducted 
along two fifty-meter transects established using the same methodology described above. The 
control plots used for the first phase of the study were used as control plots for this phase as well. 
This data established the baseline for Phase 2 of the study. Monitoring in 2005 will determine 
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how effective an application of Tordon 22K@ at one quartlacre is on reducing dalmatian toadflax 
as compared to one pidacre. 

5.4 Results and Discussion 

In 2003, dalmatian toadflax density in the control plot was 75.2 stems/m2 and the treatment plot 
was 72.0 stems/m2 (Figure 5-2). In 2004, at the one pintlacre treatment plot, dalmatian toadflax 
density dropped to 37 stems/m2, whle in the control plot dalmatian toadflax density rose to 95 
stems/m2 (Figure 5-2). The increase in stem density in the control plot is likely a result of the 
increased precipitation received during 2004 as compared to 2003 (5 inches additional 
precipitation from January to August 2004, compared to 2003). Thus the herbicide application 
did have a substantial impact on dalmatian toadflax density, reducing stem densities in the 
treatment plot to just above one-third what they were in the control plot. These results are similar 
to data previously evaluated at the Site where fortuitous monitoring of dalmatian toadflax density 
at a different set of ten quadrats in the BZ was conducted for a period of several years after 
Tordon 22K@ was applied at a rate of one pindacre. No control area, however, was available for 
comparison purposes at this study since the study was originally designed for another purpose. 
However, those data shown in Figure 5-3, showed substantial declines in dalmatian toadflax 
density at that location after the herbicide application. Densities dropped from about 100 
stems/m2 to 8 stems/m2 after the herbicide application. The current evaluation will try to replicate 
these results. Monitoring in 2005 will determine how effective the residual Tordon 22K@ is at 
controlling dalmatian toadflax in extended years. 

Monitoring at the newly established one quadacre spray plot in 2004 showed that dalmatian 
toadflax had a density of 64.8 stems/m2 pre-treatment (Figure 5-2). Continuation of the 
monitoring in 2005 will determine the effectiveness of this treatment compared to the one 
pint/acre application. 

I 

5.5 Conclusions 

A study was set up in the south BZ at the Site to evaluate the impact of Tordon 22K@ applied at 
application rates of one pint/acre or one quartlacre on dalmatian toadflax density. After the first 
growing season, dalmatian toadflax density in the treatment plot was reduced to slightly more 
than one thud of that in the control plot. A second phase of the study was initiated in 2004 where 
dalmatian toadflax infestations were treated with Tordon 22K@ applied at application rate of one 
quadacre. Future evaluations will determine the effectiveness of the treatments. 
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Figure 5-2. 2003/2004 Linaria dalmafica (Dalmatian Toadflax) Density Herbicide Response 
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Figure 5-3. Linaria dalmafica (Dalmatian Toadflax) Density 
in Response to Tordon22K (1 pintlacre) 
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6. 2004 Revegetation Monitoring 

6.1 Introduction 

The Rocky Flats Environmental Technology Site (Site), a U.S. Department of Energy facility, is 
located near Golden, Colorado. For nearly 40 years during the Cold War, the Site was an integral 
part of the United States nuclear weapons program, producing nuclear weapons components. 
Since the early 1990’s however the Site has been shut down and is currently undergoing cleanup 
and closure under the Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA). The Industrial Area (IA), located in the center of the Site, occupies an area of about 
385 acres and contains buildings, roads, and other infrastructure equivalent to that of a small 
town. As cleanup and removal of the buildings and other structures in the IA takes place, 
revegetation of these areas is necessary to prevent erosion and sedimentation of the Site streams 
and to meet water quality standards. Re-establishment of native plant species is desirable to 
benefit wildlife and the future of the Site as a National Wildlife Refuge. As part of the 
revegetation process, monitoring is conducted to determine whether success criteria, as stated in 
the Revegetation Plan (K-H 2004a) are being met as well as to determine whether management of 
these resources are needed. The Revegetation Plan provides success criteria to be used to 
determine when a revegetated area as has become re-established, typically 3 to 5 years after 
seeding, and as a management tool to determine if addition actions are required for the area. This 
section of the annual report summarizes the revegetation monitoring results for data collected 
during 2004. 

Objectives of the revegetation monitoring in 2004 were to: 

0 

0 

0 

. 

,% 

Provide a photographic baseline for new revegetation projects, 

Continue to document photographically changes in past revegetation efforts, 

Qualitatively assess the conditions present at each revegetation project and make any 
recommendations for management of these areas, 

Quantitatively assess the revegetation efforts at selected locations. 0 

6.2 Methods 

Revegetation monitoring is conducted with a two-fold approach at the Site using both qualitative 
and quantitative methods. Qualitative monitoring is used to monitor revegetation locations less 
than one acre in size. Qualitative monitoring consists of the use of permanent photopoints and 
field notes. A minimum of two photopoints is used to document each revegetation location. 
Photopoints are visited at least annually during the summer. Additional photographs may be 
taken at other times as appropriate. Field notes are also taken to complement the photographs. 
Photo monitoring has been used at the Site for the past several years to qualitatively document 
revegetation efforts at the Site. The locations and photographs of these disturbances have been 
presented in past annual reports for the Rocky Flats Environmental Technology Site (K-H 2000, 
2001,2002,2003a, 2004b). Photographs were taken in 2004 from the same locations for 
comparison to previous photographs. These can be found in Appendix C on the CD-ROM.’ 
Qualitative monitoring was conducted in August 2004. 

Quantitative monitoring was used during 2004 to monitor revegetation locations larger than one 
acre in size. A total of twenty 50-m transects were randomly located at six revegetation 
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6.3 

locations: the Solar Ponds, Incinerator, New Landfill, MST area, Building 116, and Building 886 
(Figure 6-1). Three of these locations, the Solar Ponds, New Landfill, and MST area, were 
monitored in 2003 also. At the Incinerator area, three transects were located in the revegetation 
area and three control or reference transects were located in adjacent native grassland areas for 
comparison. This was done because this area was located in Preble’s mouse habitat and the 
monitoring for the Preble’s mouse mitigation areas requires a control area for comparison 
purposes. In 2004, monitoring was conducted from August 10 to August 23. Both species 
richness and species cover was measured along each transect. Species richness was determined 
in a 2-m-wide belt centered along the length of each 50-m transect. Every plant species rooted 
within the 1 00-m2 area was recorded. In addition, the numbers of any woody plant stems and 
cactus stems were counted and recorded for the 100-m2 area. 

Basal cover and foliar cover were estimated using a point-intercept method along each 50-m 
transect (Bonham 1989). A 2-m-long, 6-mm-diameter rod was dropped vertically at 50-cm 
intervals along the transect to record a total of 100 intercept points. Two categories of hits were 
recorded: basal and foliar. Basal cover hits were recorded based on what material was hit by the 
rod at the ground surface. Hits could be vegetation (live plants), litter (fallen dead material), rock 
(pebbles and cobbles greater than the rod diameter), bare ground, or water, in that order of 
priority based on the protection from erosion provided by each type of cover. Basal vegetation 
hits were recorded by species only if the rod is touching the stem or crown of the plant where the 
plant enters the ground. Foliar vegetation hits (defined as a portion of a plant touching the rod) 
were recorded by species in three categories as defined by height and growth form. The topmost 
hit of each growth form was recorded. The growth forms measured included herbaceous, woody 
<2 m in height, and woody >2 m in height (where present). 

Data were analyzed and summarized for each &sect and cumulatively for each revegetation 
location. Species richness data were summarized by generating species lists and tallying the 
number of overall species and percent of native species. Foliar cover data are reported as 
absolute cover and relative cover for each species encountered. Absolute foliar cover is defined 
as the percentage of the number of hits on a species out of the total number of h t s  possible for 
each location. Thls value is the actual cover of a species. Relative foliar cover is defined as the 
number of hits a species had relative to the total number of vegetative hits recorded per location 
(i.e., the percent of total vegetative cover [ 100 percent] represented by the species). 
Results and Discussion 

Photo monitoring results for the quantitative monitoring locations are presented in Appendix E on 
the CD-ROM. Table 6-1 lists revegetation information for these locations. No qualitative 
monitoring results are presented since by late 2004, most of the smaller revegetation locations 
had been destroyed or re-disturbed by continuing cleanup and closure activities. Therefore only 
the quantitative monitoring results are presented. 

The 2003 results from the New Landfill, MST tank area, Solar Ponds, and the B4421452 area that 
were sampled in 2003 are shown in Tables 6-2,6-3, and 6 4 .  The B4421452 area was re- 
disturbed in 2004 and was not sampled during 2004. The monitoring results for the locations 
sampled in 2004 are shown in Tables 6-5,6-6, and 6-7. 

Overall species richness in 2004 at the revegetation locations varied from 34 species at the MST 
to 71 species at the incinerator (Tables 6-2 and 6-5). The percentage of native species in 2004 
ranged fkom 34% at the MST to 53% at the incinerator revegetation area. The control area at the 
incinerator had a richness of 71 species with 69% of these being native species. Species richness 
increased at each of the locations (MST, new landfill, and solar ponds) re-monitored in 2004. 
(Tables 6-2 and 6-5). The largest increase in the number of species occurred at the New Landfill 
(4 species in 2003 to 41 species in 2004), while the Solar Ponds and MST areas increased by 17 
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and 9 species respectively. The percentage of native species increased at the New Landfill while 
decreasing at the Solar Ponds and MST areas (Table 6-2 and 6-5). Total species richness at the 
three new locations monitored in 2004 (E31 16, B866, and the incinerator [control and revegetation 
areas]) was higher than at the other locations monitored in 2004 (Tables 6-2 and 6-5). 

Slightly different seed mixes were used at the different locations. Of the native plant species 
seeded, in 2004, four species were present at the B886 and MST areas, six species were present at 
B116, the Incinerator, and Solar Pond areas, and seven species were present at the New Landfill. 
One of the success criterion in the Revegetation Plan (K-H 2004a) states that at least 50% of the 
seeded species must be present in the area to be considered successful. The total number o f ,  
species seeded at these locations was 14 species at the New Landfill, Solar Ponds, and B886, 10 
species at the MST tank area, and 11 species at B116 and the Incinerator. So at the end of 2004, 
B 1 16, the Incinerator, and the New Landfill, have meet this criterion for the percentage of seeded 
species present. 

Ground cover protection from rock, litter, and current year live vegetation varied fiom 66% to 
94% at the revegetation locations in 2004 (Tables 6-3 and 6-6). Another success criterion 
outlined in the Revegetation Plan for the Site (K-H 2004a), states a minimum of 70% total ground 
cover comprised of litter cover, current year live vegetation basal cover, and rock cover is to be 
present to help prevent erosion. Based on the 2004 data, only the MST area did not meet this 
criterion. 

Foliar vegetation cover and species composition differs between the revegetation locations and 
has changed from 2003 to 2004 (Tables 6 4  and 6-7). In 2003, both the New Landfill and Solar 
Ponds were dominated by winter wheat (Triticum aestivum) which germinated from seed heads 
present in the crimped straw mulch. No winter wheat was encountered along the point-intercept 
transects at these two locations in 2004, although it was recorded on the species richness belt 
transects. It was uncommon during the summer of 2004. During 2004, the New Landfill was 
dominated by slender wheatgrass (Agropyron caninum = Agropyron trachycaulum), wild lettuce 
(Lactuca serriola), and Russian thistle (Salsola iberica). Total vegetation cover at the New 
Landfill dropped from 36% in 2003 to 12% in 2004, largely due to the loss of the winter wheat. 
Qualitative observations of the New Landfill revegetation is that it is progressing very slowly. At 
the Solar Ponds in 2004, the area was dominated by yellow sweet clover (Melilotus oficinalis) 
and slender wheatgrass and the total vegetation cover increased from 42% in 2003 to 59% in 
2004. A third success criterion outlined in the Revegetation Plan for the Site (K-H 2004a), states 
that a minimum of 30% of desired species must be present and a forth criterion states that no 
single species comprise more than 45% of the total relative cover. Total relative vegetation cover 
of desired species at the New Landfill and Solar Ponds was 49% and 28%, respectively. So the 
New Landfill met this forth criterion in 2004. However, slender wheatgrass comprised 47% of 
the relative cover at the New Landfill, while yellow sweet clover represented 50% of the relative 
cover at the Solar Ponds in 2004. So neither location met the third criterion in 2004, since both 
were largely dominated by a single species. The difference in the success of the revegetation at 
the New Landfill and Solar Ponds is interesting considering they were both seeded at the same 
time, in the same way, and with the same species. Differences in the soil characteristics may 
account for some of this since the New Landfill has more clay in the soil than does the Solar 
Ponds area. 

At the MST area, the vegetation was dominated by kochia (Kochia scoparia; 53%) and slender 
wheatgrass in 2004 (16%; Tables 6-4 and 6-7). Total vegetation cover did not change fiom 2003 
(89%) to 2004 (90%). The total relative cover of desired species at the MST area in 2004 was 
31%. Thus the total relative cover of desired species meets the success criterion, while the 
overall dominance by the single species, kochia, is above the 45% threshold. 

2003 Ecologv Annual Report 6-3 Classification Exemption CEX-I 05-01 



6.4 

6.5 

At B116, B886, and the Incinerator (revegetation location), the total vegetation cover in 2004 was 
31%, 86%, and 44%, respectively (Tables 6-4 and 6-7). The total relative cover of desired 
species at these locations was 17%, 38%, and 23%, respectively. Only B886 met the success 
criterion of a minimum of 30% relative cover of desired species in 2004. No single species 
comprised greater than 45% relative cover at any of these locations in 2004. 

Table 6-8 presents a summary of the pass/fail criteria and how each revegetation location 
monitored in 2004 measured up. None of the revegetation locations passed all the criteria in 
2004. However, this is not unexpected, as it is only the first or second growing season for each of 
the locations. The first few years are often weedy as the native perennial species get established. 
If often takes 3-5 years to establish a good stand of vegetation. Additionally, some of the 
revegetation locations may require some reseeding and weed control. Proactive management of 
revegetation plots is critical to success. These data provide useful information for making 
management decisions and provide documentation of the successional changes at the revegetation 
locations that can then be used to help improve revegetation techniques at the Site. 
Conclusions ! 

Qualitative and quantitative monitoring was conducted at a number of revegetation locations at 
the Site during 2004. Photo monitoring and qualitative assessments were conducted at several 
revegetation locations. Many of the locations were redisturbed or destroyed however, as cleanup 
and closure activities continued at the Site during the winter of 2004. Quantitative monitoring 
was conducted at six locations. Results indicate that the vegetation is establishing, however, 
success criteria in the Revegetation Plan have not been met as of 2004 at any of the locations 
‘monitored. This is not unexpected since for each of these locations it was only the first or second 
growing season since they had been seeded. In general, however, vegetation has begun to . 
establish and is protecting the soil from erosion. Over the next few years the seeded species 
should become more established. Therefore, there are no recommended changes to the 
management of these areas at this time. 
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Figure 6-1. 2004 Revegetation Monitoring Transect Locations 
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Table 6-3. 2003 Revegetation Monitoring Ground Cover Summary 
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Table 6-5. 2004 Revegetation Monltorlng Specles Rlchness Summary 
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Ground Cover Type B116 
Bare Ground (YO) 16.0 
Litter (“YO) 51.0 
Rock (%) 31.0 
Basal Veaetation Cover f%l 2.0 

B866 IncineratorControl Incinerator-Reveg MST New Landfill Solar Ponds 
27.5 6.3 10.7 34.0 17.3 28.5 
61.0 72.3 61.3 50.7 50.0 61.3 
5.5 17.7 25.7 4.0 31.8 8.7 
6.0 3.7 2.3 11.3 1 .o 1.5 

\ 

1 . I  

Total Rock, Litter, and Vegetation (%) 
Total Cover (“IO) 

’. 

84.0 I 72.5 I 93.7 I 89.3 I 66.0 I 82.8 I 71.5 
100.0 I 1oo.ol 100.0 100.0 I1oo.ol 100.0 100.0 





70% Ground Cover Minimum of 50% 
30% Relative Cover of of Litter, Rock, and of Seeded 

Location Desired Species Vegetation Species Present 
B116 Fail Pass Pass 
8886 Pass Pass Fail 
Incinerator (Reveg) Fail Pass Pass 
MST Pass Fail Fail 
New Landfill I Pass I Pass I Pass I Fail I Fail 
Solar Ponds Fail Pass Fail - Fail Fail 

No Single Species 
With >45% Relative Overall 

Cover PasslFail 
Pass Fail 
Pass Fail 
Pass Fail 
Fail Fail 

Success criteria from Revegetation Plan (K-H, 2004b) 



7. Boreal Chorus Frog Vocalization Monitoring 

7.1 Introduction 

As a taxonomic group, the frogs and toads at the Site are only occasionally recorded during 
normal wildlife monitoring. Until vocalization monitoring was instituted at the Site in 1998, 
most observations of amphibians had been fortuitous. Although normal wildlife monitoring 
provided an annual presence/absence record for these species at the Site, the lack of a repeatable 
monitoring methodology precluded the ability to effectively track population abundance or the 
distribution of these species on Site. Because such information can provide additional insight and 
act as an additional tool for detecting changes in the health of the Site aquatic ecosystems, 
monitoring for these species was instituted. Amphibianswe an important group to track because 
their semi-aquatic nature makes them particularly sensitive to aquatic impacts (Blaustein 1995). 
The boreal chorus frog (Pseuducris triseriutus) was chosen as the best candidate for vocalization 
monitoring at the Site after the initial year of data collection in 1998. This species can also serve 
as an indicator species for tracking general amphibian population abundance on Site. 

7.2 Methods 

The methods used for the amphibian vocalization surveys in 2004 generally followed the 
guidelines provided in Mossman et al. (1998). Additional information used for the surveys was 
taken from the Wisconsin Department of Natural Resources (Mossman and Hine 1984, 1985) and 
the National Biological Survey (NBS 1997). Some modification of these guidelines was 
necessary to adapt the surveys for use at the Site. 

3 

A total of 20 locations were sampled for species presence/absence and population abundance'in 
2004 (Figure 7-1). This approach followed the modifications of the protocol implemented in 
1999 (K-H 2000). The 20 locations were divided almost evenly between the north and south 
Buffer Zone areas (using the east and west access roads as the dividing line between north and 
south). Eleven sites were in the north Buffer Zone and nine were in the south Buffer Zone. 
Monitoring at all locations was conducted in one night, starting at dusk. In 2004, the vocalization 
surveys for all monitoring locations were conducted on April 26*. 

After arriving at each sample location, the vehicle engine was shut off, and the observer exited 
the vehicle and waited for approximately one minute before beginning the survey. The waiting 
period provided time of adjustment for the frogs to become accustomed to the observer. After the 
one-minute period, the observer listened to vocalizations for approximately three minutes. 
Vocalizations were categorized using one of the following vocalization indices: 

0 = No calling heard 

1 = Individuals can be counted; calls not overlapping, there is space between calls 

2 = Calls of individuals are distinguishable but some calls overlap 

3 = Full chorus; numerous frogs can be heard; calls are constant, continuous, and overlapping. 

Additional information recorded at each survey location included: air temperature ("C), water 
temperature ("C, where feasible), wind speed, cloud cover, precipitation, and noise interference. 
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7.3 Results and Discussion 

Boreal chorus frogs were recorded at 16 of the 20 (80%) sample locations surveyed in 2004. 
Figure 7-2 shows the frequency of the different vocalization indices at all 20 locations sampled in 
2004. Twelve (75%) of the locations sampled had full choruses of frogs calling (vocalization 
index 3). Two (10%) sampling locations had multiple individuals calling with overlaps between 
the calls (vocalization index 2). Two (10%) had a vocalization index of 1,  where individuals 
could be counted but the calls were not overlapping. The remaining four (20%) had no calling 
(vocalization index 0). 

On the evening when sampling was conducted, the average water and air temperature ('C) was 
12.3' and 11.6', respectively. No precipitation occurred on the day when sampling was 
conducted and the mean cloud cover was approximately 7%. 

To compare data between years, data from only the locations that were sampled during all six 
years were used. This restricted the number of sites that could be compared to 16 locations 
(Table 7-1). The average vocalization index in 2004 was higher than the average from all six 
years (2.0). The 2004 average vocalization index of 2.3 was higher than the average vocalization 
index from 2003. In 2003, the vocalization index was 1.4, which was the lowest number since 
this study was initiated in 1998. Compared to individual survey location data collected in 2003, 
the vocalization index in 2004 was higher at most sites. Out of the sixteen sites, only two sites 
(1 5 and 16) in 2004 had a vocalization index that was lower than in 2003. 

In 2004 the vocalization index at site 15 (D-1 Pond) was 0. The D-1 pond remained empty and 
dry for the majority of the year in 2004 because the dam outlet was open. In 2003 however, the 
pond held water for most of the year and the vocalizationindex at this site was 3, the hghest 
since the study began. These results suggest that even though there was more precipitation in 
2004, water availability due to pond management had a greater effect on frog populations at this 
location. 

The average frog vocalization index seems to closely follow the total annual precipitation at the 
site (Figure 7-3). The annual peaks in the frog vocalization indices correlate with the peaks in 
annual total precipitation. Data was not collected in 2002 (drought year) therefore the direct 
effects from the drought were not documented. However, the low average vocalization index in 
2003 indicates that the 2002 drought probably had a lingering negative effect on frog abundance 
on Site. The 2004 average vocalization index was about the same as the one in 2001, which 
suggests the frog population has recovered and stabilized from the 2002 drought. In general, the 
higher than average chorus frog abundance in 2004, suggests the aquatic ecosystem remains 
healthy at the Site. 

7.4 Conclusions 

The results of the 2004 frog vocalization survey showed a higher than average abundance of 
chorus frogs at the Site during 2004. In 2003, the frog abundance was the lowest it has been 
since the surveys began in 1998. The 2002 drought may have been a factor contributing to the 
low boreal chorus frog abundance in 2003. The 2004 survey results show that the frog 
populations survived, and have rebounded from the effects of the 2002 drought. The presence of 
the boreal chorus frogs at the Site, even after drought years, provides evidence of the resilience of 
this amphibian species. It is also evidence of a healthy aquatic ecosystem at the Site. 



References 

Blaustein, A.R., and D.B. Wake. 1995. The puzzle of declining amphibian populations. Scientific 
American 272(4):52-57. 

K-H. 2000. 1999 annual wildlife report for Rocky Flats Environmental Technology Site.'Prepared 
by Exponent for Kaiser-Hill Company, LLC. Rocky Flats Environmental Technology Site, 
Golden, CO. (June). 

Mossman, M.J., and R. Hine. 1984. The Wisconsin frog and toad survey: Establishing a long- 
term monitoring program. Wisconsin Endangered Resources Report 9. Wisconsin Department of 
Natural Resources, Bureau of Endangered Resources, Madison, WI. 

Mossman, M.J., and R. Hine. 1985. Wisconsin's frog and toad survey, 1984. Wisconsin 
Endangered Resources Report 16. Wisconsin Department of Natural Resources, Bureau of 
Endangered Resources, Madison, WI. 

Mossman, M.J., L.M. Hartman, J. Hay, and J. Sauer. 1998. Monitoring long term trends in 
Wisconsin frog and toad populations, Ch. 21. In: Lannoo, M.J. (ed.). Status and conservation of 
Midwestern amphibians. University of Iowa Press, Iowa City, IA. 

NBS. 1997. Calling amphibian surveys. Online protocols for amphibian monitoring, 
Http://www.im.nbs.gov//arnphib/naampcall.html. National Biological Survey. 



2003 Boreal Chorus Frog 
Monitoring Locations 

Figure 1 

LEGEND 
0 Boreal Chorus Frog Monitoring Locations 

Standard Features 
0 Buildings 

Lakes 8 ponds 
Landlill 

- Streams 8 ditches 
- - Fences 

Paved roads 
Dirt roads 
Contours (20 ft) 

- - 
- 

- - Power Lines 

Data Source Ecology Ferlurea: 
Location data pmvldnd by LABAT 
h a l i o n s  aro appiorimate. 
K.H Ecobgv Group POC: Kann North 305-866.9876. 

1 :23675 
1000 0 1000 2000 Feet 
hh 

Stab Plane Coorchata Projection 
Colorado Central Zone 

Datum: NAD27 

US. Department of Energy 
Rocky Flats Environmental Technology Site 
h o u n d  Fm 

UP ID 010454 RFETS GI6 OopL u13068-770T April 4. 2na 



14 

12 

10 

8 
6 

p! 

c al 
=I 
U 

u, 
6 

4 

2 

0 

Figure 7-2. 2004 Boreal Chorus Frog Vocalization Results. Frequency of vocalization indices 
from all 20 sites sampled in 2004. 

4 

2 

I 

12 

2 

0 1 2 3 
Vocalization Index 



25.0 

20.0 

A 

15.0 
c 
0 
S .- 
v 

C 
0 
ta 
.- 
C 

U .- 
n .- 
0 

g 10.0 

5.0 

0.0 

Figure 7-3. Yearly Average Precipitation and Average Frog Vocalization Index from 1998 to 
2004. 

2.5 

1.9 

+Average Vocalization Index 

I I I I I I 

1998 1999 2000 2001 2002 2003 2004 
Year 

2.0 

1.5 x 
a 
U 
E - 
c 
0 
m 
N 

m 
0 

.- 
U 

.- - 
1.0 8 

0.5 

0.0 



Table 7-1. Boreal Chorus Frog Vocalization Indices Data ( 1  998-2004) 

Note: Averages were calculated using data only from locations where data was collected all six years. Site 
3, 8, 19,20,21 are excluded from the Overall Average calculation. 
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Appendix B 

Knapweed Biocontrol Photo Monitoring 

In 2001, a p monitoring study was designed to evaluate the effectiveness of Larinus minutus 
biocontrol releases on diffbse knapweed infestations at the Rocky Flats Environmental Technology Site. 
The map below shows the location for each release site at Rocky Flats. By clicking on one of the links 

below you can see the photographs of the diffUse knapweed infestations at each release location. 
Comparisons of the time-series photographs show visually how effective the. biocontrol insects have been 

ing the overall difise knapweed populations at these locations. 
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Appendix C 

Revegetation Time-Series Photo. Monitoring 

at the Rocky Flats Environmental Technology Site 

Since 1999, a number of locations in the Industrial Area and Buffer Zone at the Rocky Flats 
Environmental Technology Site have been revegetated at the conclusion of project activities. 
The links below will take you to maps and time-series photographs showing the locations and 
extent of the revegetation efforts undertaken to restore these areas with native plant species. 
Monitoring efforts continue to document the reestablishment of vegetation at these locations. 

Click on the links below to view the various projects. 
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Appendix E 

WETS Industrial Area Photo Point Monitoring 

In 2003, a series of permanent photo points were established in the Industrial Area (IA) at the Rocky Flats Environmental Technology Site 
(RFETS) to monitor landscape changes as the buildings and other structures were removed. As the buildings come down and the area is reseeded 
to grassland, the photo points will provide a visual documentation of the landscape changes that are transforming the IA from an industrial facility 
to a National Wildlife Refuge. By clicking on one of the photo points on the map below you can see the photographs taken starting in late 2003 

that document the condition of the IA at that time. 
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Distribution 
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2002 Diffuse Knapweed 
(Centaurea diff usa) 

Distribution 
Figure 4-2 
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2003 Diffuse Knapweed 
(Centaurea diffusa) 

Distribution 
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2004 Diffuse Knapweed 
(Centaurea diffusa) Distribution 

at the Rocky Flats Environmental 
Technology Site 
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1998 Dalnistiaa Toadflax 
(Linaria dalmatiur) Distribution 



1999 Dalmatian Toadflax 
(Linaria dalrnatica) 

Distribution 
Figure 23 
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(Linaria dalma tica) 
Distribution 

2003 Dalmatian Toadflax 
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1998 Common. Mullein 
(Verbascum thapsus) 

Distribution 

Figure 1-16 
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1999 Mullein (Verbascum thapsus) 
Distribution 

Figure 24 
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2000 Mullein (Verbascum thapsus) 
Distribution 

Figure 15 
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2001 Common Mullein 
(Verbascum thapsus) 

Distribution 

Figure 1-13 
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2002 Common Mullein 
(Verbascum thapsus) 

Distribution 
Figure 4-5 
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i 2003 Common Mullein 
(Verbascum thapsus) 

Distribution 

Figure 4-5 
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